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PREFACE. 


— 


IT has been for a considerable time > allowed 
by the majority of intelligent persons, that 
amongst a variety of studies there are none 
of greater utility, or that afford more real 
pleasure to a rational mind, than those on 
Philosophical Subjects. On mature delibe- 
ration it may be concluded, that this does 
not so much arise from any intrinsic value | 
of Purtosoyar, solely considered, as from 
the peculiar use to which it may be applied, 
and without which it hardly merits the 
name it has obtained: and this is no other, 
than regulating by it our observations upon 
the numerous objects of the creation, 
whereby we may correct any erroneous no- 
tions which we may have hitherto en- 
couraged, either concerning them, or. the 
4 OMNIPOTENT 
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 OMNIPOTENT PowEeR by whose Wil they 


were formed. 

When it is considered how liable all our 
senses are to deception, and what wrong 
ideas are generally formed of the different 


parts of the universe from mere cursory ob- 


servation, the absolute necessity of the dis- 
semination of true philosophical principles 
will the more obviously appear. And if the 
rudeness and imbecility of the human mind 
in an uncultivated state of nature be taken 
into the consideration, it will be the more 
readily admitted, that every attempt to ex- 
tend the sphere of human knowledge is laud- 
able in its nature; and, if it be found to 
answer the intention, is deserving of en- 
couragement. | | 

Being duly impressed with the force of 
these reflections, and also recollecting that 


it is the indispensable duty of every member 


of society, to render himself as serviceable 


to his fellow-creatures as his abilities will 


allow, I was induced to apply my leisure 
hours to the execution of a performance 
which might in some measure tend to the 
instruction of the Youth of Great Britain. 
And as my principal des be- 
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fore them some pages of the *** of - 
Nature, I judged that if this could be per- 


formed in such a manner as to be also a 


source of amusement, it would probably meet 


with a more welcome reception, and conse- 
quently have the better effect. 


Pursuant to these ideas, I have divided ; 


the following work into easy leſſons of 


various lengths, as the nature of the re- 


spective subjects would admit; and have 
interspersed them with moral 9 in 
prose and verse, in order to alleviate the 
mind of the student, and to lead him hy 
imperceptible degrees, to reflect seriously on 
the several objects around him. To the 
honour of our British Poets, I was seldom at 
a loss for an Extract suitable to my purpose; 


and if my acquaintance with their works 


had been more extensive, I believe there 
would have been no occasion for those two 
or three little pieces, which make so dim an 
appearance in such brilliant company. 

These Lessons may with propriety be in- 
troduced into Schools, to be read before the 
master in greater or less proportions, as may 


be thought most proper: in which case they 
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will answer a double purpose, —improving 
the Pupil in the Art- of Reading, and en- 
larging the bounds of his understanding. 
That they might be as much as possible 
subservient to the former, without raising 


an impediment in the way of the latter, re- 


flections attendant on the several suhjeets 
are the more frequently introduced. 

To some persons it may perhaps appear 
neceſſary that I should have given an ex- 
planation of all the technical terms which 
are found in the following pages: for in- 
stance, such as centre, or center, diahhanous, 
equinor, focus, glands, lacteal, periſtaltic, 
&c. Here I would observe, that I have not 
neglected such explanation where. it could 
be done without leading me too circuitous 
a course; and even where it is otherwise, 
the omission will not afford an objection of 
great weight; for there is scarcely a Dic- 
tionary in which the requisite information 
may not be met with. Perhaps in schools 
this may be productive of some advautage, 
as it may lead to enquiry; but that this 
may have the better effect, it may be re- 
marked, that the preceptor does not pro- 

| | pPerly 
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Wpcrly acquit himself in his duty towards his 
pupils, who does not indulge them in the 
iberty of asking every question, the solu- 
tion of which may have a tendency to en- 

| crease their fund of learning. Masters by 
acting thus, would undoubtedly be able to 
judge in what respects their scholars were 
most deficient; and could, of course, sup- 
ply those deficiencies from their own know- 
edge, or from those helps which it may na- 
urally be supposed they have at hand. 

In the composition of these Lessons, I 
dave not scrupled to make a free use of the 
Vorks of several of the most esteemed Au- 
hors on Astronomy and Philosophy; and 
f I have not always acknowledged where 
e obligation lay, I may observe that such 
terations were made, or the extracts taken 
so detached a manner, as rendered it 
Nearly, if not absolntely z puSSIDIE. * When 

e remember that the improvements in 
hese sciences were gradual and not effected 
y one man, or by one age; it must be ab 

wed that every production (except those 
hich boast of new inventions and discove- 
ies) must be principally a compilation; 2 
t 
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the chief merit to which the person who 
undertakes it can aspire, 1s that' of arrang- 
ing the materials before him in a manner 
more suitable to his purpose, and making 
such reflections as may be best adapted to 
%%% "14 | 
I am conscious, that in the present un- 
dertaking many imperfections will be met 
with: however, such as it is, I present it 
with chearfulness to the public view; and if 
it meet with a favourable reception from 
the candid and ingenuous, I shall have but 
little to fear from the severe critic. Lite- 
rary fame I want not to acquire: Zeal for 
the welfare of the British youth was. the 
only motive which urged me to this per- 
formance; and if it prove to be of service 
to them, I shall think myself amply re- 
warded. As to the numerous defects, I 
must sue Tor medelgenre by observing, that 
IT am yet but a young man; and am willing 
to hope that if health and leisure should 
permit, I may at some future period pro- 
duce something more worthy of public fa- 
vour. Yet, as I am desirous to make this 
Work as correct and useful as possible, 1 
cannot 
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; annot but add, that those who will be so 
Wliging as to furnish me with hints for its 
provement, will confer a lasting obliga- 

on upon me, and shall receive my grateful 
knowledgments. 


,0. G. GREGORY. 
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RATITUDE for the favourable recep- 
on which the first edition of these Less80Nns 
as experienced, has induced the Author to 
rive them a careful revisal, in order that 
his New Edition may be found less unwor- 
hy of public favour. In this revisal he has 
een assisted by the polite suggestions of 
ome of the Reviewers, (for whose testimo- 
ials in favour of his performance he feels 
eeculiarly obliged,) and by many useful 
ints which have been communicated to 
im in letters from several of his literary 
ends; to whom he cannot hut acknowledge 
is obligations, and whose names would reflect 
Ponour upon his work, if he were permitted 
o mention them. He is in a particular man- 

er indebted to a Nobleman of distinguished 
yorth and abilities, for condescending to 
point out several alterations and emenda- 

tions, all of which were of so much import- 
ance, 
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ance, that his lordship will find they have 
been universally attended to. The Author 
has taken care to incorporate into this Edi- 
tion, all those improvements and discoveries 
that have been made since the first Edition 
was published,- and that appeared to haye 
any connection with the subjects on which 
he has treated. Besides the numerous alters. 
ations, which are to be met with in almost 
every Lesson, he has added Three New Les- 
sons, —one on Electricity, one on Fountains 
or Springs, and one on Plants and Vegeta - 
tion. He humbly h6pes that these corree- 
tions and additions, will ensure to him a con- 
tinuation of that encouragement, with which 
he has been men honoured by an indul- 
geut public. 


N Cambr idge, 2 
May 20th, 1799. 
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a INTRODUCTION. 

97 — N = 
75 Can furnich hints to contemplation. gar. 
43 —— | 
51 72 7 3 2 
60 AS you, my dear young friends, have now arrived 


t a period of life, in which the mental faculties are 
zpidly encreasing in vigour, you will perceive an 
nquisitive curiosity, which has long remained dor- 
nant in your minds, hastily bursting forth ; it will 


de of the utmost importance to your happiness, both 
resent and future, chat you be careful in directing 


is innate principle into its proper course. 
Ever since you have been possessed of the power 


onder and admiration, the sun shining with asto- 

shing splendour, dispensing light and heat around; 
he moon, with majesty serene, gliding along the 

ched heavens, scattering her gentle rays, in the . 


8 


acious canopy bespangled with numerous stars, like 
ae flames, adding to the beauty of the scene. 
ou must have observed, with awful astonishment, 
ne forked lightning in vivid motion glancing through 
B the 


ON 


f reasoning, you cannot but have observed with : | 


dsence of the glittering luminary of day ;—and the | | 
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the wide expanse ; and have heard, with fear and 
- anxiety, the tremendous thunder, shaking the firmest 
buildings with its pealing crash. When you reflect 
upon these and other appearances in nature, what 
impressions do you feel? You who have considered 
these things attentively, will ingenuously confess, 
that you are thereby led to conceive that there mus 
be some firs? cause which produced, governs, and 
regulates the whole. Ihe most cursory observatio 
will have induced you to entertain an high opinior 
of the wisdom, power and goodness of the A 
MIGHTY DESIGNER; but I can assure you, my 
young friends, that the more you reflect upon th 
universe, in the display of the wonders and beautie 
of it, and the better you are acquainted with it, 8 


much the more will be increased your revereno 
and love of the Governour of all. 


F 


as 9 - 


tn Mey paces 


Nature is but a name for an effect 30 
Whose cause. is God, cowrzs. 


Ihe impressions we receive from the conten 

plation of the works of nature, must necessarih | 
connected with that beautiful chain of reasonin 
which brings us to a knowledge of the Deity hin 
self; nor can the human mind enjoy more intellec 
tual happiness, than from the assurance, that th 
is a powerful and beneyolent Being, who not or 
regulates the system of worlds, but extends his 
ternal care to the meanest of his creatures. 
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It is a melancholy consideration that too many 
young people, instead of being zealous of acquiring 
real and useful knowledge, suffer a kind of torpor to 
dwell upon their minds, and give way to such su- 
pineness, as may, if they be not quickly roused 
from their lethargy, be attended with fatal conse- 
quences. If any such persons should peruse these 
Lessons, let me exhort them to shake off their care- 
lessness, and endeavour to furnish their minds, ere 
it be too late, with a true knowledge of the works 
and wonders of the creation: be assured that such 
conduct will produce the happiest effects; for phi- 
losophical contemplations will form the safest bul- 
wark against the insidious attacks of Atheists ; be- 
cause the principal intention of such enquiries is, 
from a consideration of the effects produced, to 
correct our ideas with respect to the great first cause; 
or as the Poet has expressed it, "* 


e 


4 1 


To look throwgh Nature up to NATuzz's Gov. ror r. 


Z 


In these Lessons it shall therefore be my province 
to explain to you, in a concise, and familar manner, 
some of the wonders of the universe: I will first 
lead you to take a survey of the heavenly bodies; 
and aſterwards consider same of those objects and 
some of those appearances of nature which relate to EE 
the earth we inhabit: thus shall we 051 
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Ot skill 2 what shining marks appear , 5 
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Creating power is all around exprest, 
The Gop discover'd, and his care confest ; | | 
Nature's high birth, her heav'nly beauties shew, 


By every feature we the parent know. 


Th' expanded spheres, amazing to the sight, 


Magnificent with stars, and globes of light; 


The glorious orbs which heav'ns bright host compote, 


- Ti imprison'd sea, resistless ebbs and flows; 


The fluctuating fields of liquid air, , 

With all the curious meteors hov'ring there, | 

And the wide regions of the land proclaim, 

The row's Divinz that rais'd the mighty frame. 
BLACKMOREs 
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LESSON II. 


VIEW OF THE HEAVENS. © 


Heaven | 
Is as the book of Gov before thee get 
Wherein to read his wond'rous works. f ro. 


The heav'ns declare the glory of Gov, DvD. 


XAGREEABLY to my plan I shall now endeavour, | 
n the first place, to describe to you the nature, sine 
znd motion of the principal heavenly bodies; the 
Peauty and variety of which, have no doubt often 
led you with astonighment : EN the advice 
pf Ovid, 


% We tho' from heaven remote, mas 
* With strength of mind, and tread th abyss above x | 
And penetrate with an interiour light; 19 
© Those upper depths, which nature hid from sight. 

% Pleas'd we will be to walk along the sphere | 
Of shining stars, and travel thro* the year. uhh 


The science which teaches the knowledge of the 
elestial bodies, their magnitudes, motions, distances, 
periods, eclipses, order, &c. is called ASTRONOMY: 
e study of this has been applied to with avidity in 
ages, ieee | 
| 5 3 
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of accuracy. The hypotheses which have been in- 
vented by astronomers at different times and-in dif- 
ferent countries, are numerous, and the greater part 
of them are too futile in their nature to deserve a 
particular account : the only one which agrees with | 
all the phænomena is that which was first invented 
by Pythagoras (who was born 577 years before 
Christ) and taught in Greece and Italy; but this 
was soon buried in oblivion, arid was set aside from 
the time of Ptolemy, until it was restored about 
the year 1507, by Nicholas Copernicus; at length 
the indefatigable researches of Six IsAAC NEWTON 
have fixed it upon too firm a basis to be easily over- 
throw; it is now generally acceded to by Astro- 
nomers, and is by way of distinction called. the he 
Newtonian system'; an account of which I shall 


now proceed to lay before you. 

When we take a view of the heavenly bodies, * 
our attention is first attracted by the u and uon, * 
which are distinctly named luminaries; the other Nin. 


beautiful spangles in the glorious canopy are called 
stars, and of ihese a distinction is made into planets, 
or wandering stars, and fired stars. The planets, of . 
which the earth we inhabit is one, move in regular p. 
and uninterrupted order around the sun; some of these bat 
planets have attendants, usually called satellites, 
moving around them. Sometimes there are other 
stars seen, with blazing tails issuing from them; 


these puree very eccentric * courses, and 
are 
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re called comets. The planets themselves are 
equently called premartes, and their satellites ge- 
ondaries. There are two methods of discovering 
hich are planets, and which are fixed stars: every 
xed star twankles, but a planet does not; for the 
tars are to appearance only lucid points, and there- 
ore any opaque particle floating in the air, is suf- 
cient to cause a momentary eclipse of them ; but 
he planets though smaller, suffer very little apparent 
liminution ; but the proper criterion is this, the x 
lanets are always in motion from one part of the 
eavens to the other, whereas the other stars keep 
onstantly the same distance from each other, 


* 


r 


* Correctly speaking, the Satellites are Planets, as well as 
hose round which they revolve: for Planet, is a Greek word, 
ignifying any thing that wanders, Agreeably to this acceptation, 
he Sun itself is a Planet; as it, like the others, has a two-fold 
otion. And indeed, to complete the similarity, Pr. Herachel 
as (in a paper which will be presently more largely spoken of) 
sserted that his body is opaque, and that it is diversified with 
ills and vallies. | 0 l 
+ Although the above is the generally adopted method of ex- 
plaining the twinkling of the fixed stars, yet it is now thought to. 
de inaccurate, Mr, Michell justly observes (in the © Philoso- 
* phical Transactions,””) that no object can hide a star from us, 
hat is not large enough to exceed the apparent diameter of the 
tar, by the diameter of the pupil of the eye; nay, it must be 
arge enough to hide the star from both eyes at the same time. 
Perhaps the principal cause of this twinkling, is the unequal 
raction of light, in consequence of inequalities and undulations 


the atmosphere. 92 a | | 
- B4 . . "The 
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The names of che planets, beginning with that 
nearest the sun, are as follow: Mercury, Venus 
the Earth, Mars, Jupiter, Saturn, and Georgium 
Sidus, or Herschel. These are all that are yet 
discovered, though there very probably may be more: 
after describing to you the sun, I shall proceed u 
the rest in _ order, . 


0 _ of” 
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LESSON III. N mY { 
ON THE SUN, | | 


Mail sacred 80urce of inexhausted light? 
Prodigious instance of creating might! 

His distance man's imagination foils ; 

Numbers will scarce avail to count the miles. 

His globous body how immensely great 

How fierce his burnings ! how intense his heat * 

As swift as thought he darts his radiance round 

To distant worlds his system's utmost bound : 

Of all the planets the directing soul, 

That heightens and invigorates the whole. BROWN». 


— 


Orren as you have beheld the mid-day sun 
shining in all his grandeur, disseminating his reful- 
gent beams around; and often as you have felt the 
efficacy of his all-genial heat, you may never have 
entertained an idea of his vast size. When you are 


informed of the dimensions of this grand dispenser 


of light and heat, and when you come to be ac- 


quainted with some of the laws by which he is go= 


verned, you will consider it as one of the many irre= 
fragible proofs, that the universe could not (as 
atheists assert) be jumbled together by chance; but 
that the whole must have been formed by an all- 
wise, A- Powerful, and adorable Creator 5 
B Tha 
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The sun is a body very nearly in the form of ne 
solid which is by mathematicians called a sphere or 
globe, and the observations of astronomers have 
proved beyond a doubt, that its axis is nearly 
883, 210 miles, its circumference 2,774,692 miles, and 
its solidity in cubic miles 360, 73, 732, 236,3 24, 299: 
viz, three hundred and sixty thousand, seven hun- 
dred and thirty-seven billions, seven hundred and 
thirty-two thousand, two hundred and fifty-six 
millions, five hundred and twenty-four thousand, two 
hundred and ninety-nine: a number, e surpas- 
sing the powers of imagination 

From a cursory observation you would perhaps 
be led to imagine that the sun moves round the 
earth once in twenty-four hours; but this is not the 
cuse. The sun has two motions, the one is a peri- 
odical motion, in an elliptical or very nearly a cir- 
cular direction, round the common center of all the 
planetary motions; as this common centre is found 
to be always exceedingly near the sun, and most com- 
monly within it, I shall henceforward suppose this 
luminary to be the center of the planetary system, 

for in such a- supposition we shall not fall into any 
material error. The other motion is a revolution 
upon its axis which is completed in about twenty- 
six days, as appears obviously by paying attention 

to the maculz and ſaculæ, or spots upon his surface. 
I) be sun was supposed, by many of the antients, pe 
to be the clearest image of his Maker, „without | 
pot, or wrinkle, « or any such thing.” To such 


discovered several dark spots on the surface of the 
sun, and mentioned his discovery to another philo- 


ly sopher, he was told that the thing was utterly im- 
1d possible, and that there must be some defect either 
9: in his glasses or his eyes: it was added also, as ano- 
n- ther proof of the asserter's candour and penetration, 


that as such. a circumstance was not noticed by 
Aristotle, the pretended discovery could be nothing 
less than presumption or deception. However, that 
here are spots on the sun, has since been indisput- 
ably confirmed, and is now universally admitted. 
Of these spots, the dark ones are called maculæ, to 


ps - 

he istinguich them from the others, which are of a 
ne righter appearance than the rest of the sun's sur- 
ice, and which haye obtained the name of facule 


Concerning the nature of these spots, there have 


I 
he deen various opinions entertained by different per- 
ad ons. Some have supposed maculz to be large 


ortions of opaque matter moving up and down in 


omposed or surrounded, revolving near its surface, 
sometimes beyond it. Others have taken them 


oating upon a huge ocean of fluid matter. Faculæ, 
dn the contrary, have been called clouds of light, 
d luminous vapours; and, because maculz have 

deen sometimes observed to change into faculæ, it 
is been conjectured, that the latter were the bright 
flames of yolcanoes rapidly blazing out, after he 
Bs . _.dak 
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a degree had this prejudice arisen, that when Galileo 


e fiery fluid, of which the sun was thought to be 


or the smoke of volcanoes in the sun, or the cum 


— — 


12 LESSON m. 


dark smoky matter, which produced the maculz, 
became dissipated by combustion. These are the 
opinions that have been commonly held on the sub- 


+ ject; but it does no. ypear to have been considered 


surrounded by a lucid atmosphere; you will easih 


with much attention until very lately. The disco- 
veries and observations of Dr. Herschel, have in a 
. measure supplied the defect, and afforded am- 
ple materials for forming a rational vnd plausible 
theory to explain and elucidate the appearances We 
are now treating upon. 4 

This ingenious astronomer has given yery forcible 
reasons for concluding, that the oj on commonly 
received, that the sun is a body of vA fire, is futile 
and erroneous. He supposes, on the contrary, that 
it is an opaque body, surrounded by an atmosphere 
of a phosphoric nature, composed of various trans- 
parent and elastic fluids, by, the decomposition of 
which, light is produced, and lucid appearance 
formed of different degregs and intensity. The doc- 
tor even goes 80 far as to assert, with much proba- 
bility, that the sun is in reality an inhabitable world; 
but this assertion has no connection with-our present 
enquiry, which we must confine, for the present, to 
maculz and faculz. Admitting, therefore, thepreced- 
ing remarks, we will endeavour to deduce from them 
a satisfactory hypothesis to account for these appear- 
ances The sun, it has been said, is an opaque body, 


conceive, then, that maculæ are those parts of his 
ee wich Kippen ted. free from luminous de- 
by compositions, 
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compositions, or in other words, which are but 
slightly, or not at all, covered by the shining matter, 
and are for that reason exposed to our view. In 
most cases the real body of the sun is supposed to be 


?P FK 


jucid substance is not very intense, or where it is 


W 7 


spots appear below, and others above the surface of 
the shining fluid, it is reasonable to conclude that the 
former are the lower parts of the sun's surface, and 
the latter his mountains, which project beyond the 
lucid part of his atmosphere. The former are found 
to vary in their situation, as they may be hidden or 
rendered visible by any cause which will accumulate 
or remove the shining matter; the latter are fixed, 
with respect to the sun's surface, and are those by 
observations on which the sun's rotation on his axis 
has been determined. From what has been here 
said, it is hoped you are tolerably well acquainted 
with the nature of maculz : we will now proceed to 
the consideration of faculæ. 


c 
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solar atmosphere which are brighter, and in general 


larger collections of the luminous fluids, which form 
the solar atmosphere, according to the quantity, 
brightness, and depth of which, the faculæ differ in 


magnitude and intensity. nnn 
observed 


visible through its transparent atmosphere, where the 


removed by some temporary cause. As some of the 


Faculz, on this hypothesis, are those parts of the 


more elevated than the rest. These Dr. Herschel 
supposes to be 4 more copious mixtures of such fluida 
* as decompose each other; or they may be called, 
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observed near the borders, than towards the middle 
of the sun's disc, because, as they are supposed to 
extend beyond the usual level of his atmosphere, 
those which are near the middle of the disc become 
edgewise to our view, and are therefore not $0 easily 
discernible as those which approach nearer 5 cir- 
cumference thereof. 

If the hypothesis concerning the nature of che 
sun, which is recited in this lesson, be admitted, it 
will readily be acknowledged that that luminary 
differs but little in his nature from the planets; and 
perhaps we may be allowed to call the sun, in a 
popular way, the central planet, or the grand 

planet, to which all the others are intimately united, 
and from which, as from a copious fountain, flows 
all that is necessary to support, connect, and har- 
monie the various planets in the system: hence we 
may advert to the beautiful and instructive observa- 


tion of the poet, and say 


| The planets of each system represent 
Kind neighbours : mutual amity prevails; 1 
"4 Sweet interchange of rays, receiv'd, return'd : 
Mil | Enlight'ning and enlighten'd! All at once 
Fl | Attracting and attracted ! Patriot like, 
b None sins against the welfare of the whole + 
But their reciprocal, unselfish aid, 
Affords an emblem of millennial love. 
Nothing in nature, much less conscious being, 
Was &er created solely for itself: 
Thus man his so reign duty learns in this 
Material picture of benevolence, YOUNG» 
* LESSON 
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LESSON IV. 


ON MERCURY; 


First Mercury amidst full tides of light, 

Rolls next the Sun, thro* his small circle bright, 

All that dwell there must be refin'd and pure, 

Bodies like ours, such ardour can't endure ; 

Our earth would blaze beneath 80 fierce a ray, a 
And all it's marble mountains waste away. Ak zA 


— mr mm nmr nn—— 


OWEVER ignorant we are of the nature of 
alities, and how, much soever their mode of ope- 
don is concealed from us, if it be but admitted 
Wat they act in right lines, and that they are pro- 
gated from a point, or body, as from a center, 
hen it may be demonstrated in a strictiy geometrical 
anner, that their energy, or intensity, diminishes 
a duplicate proportion of the distance from that 
nter. Thus, for instance, suppose a person whom 
will call Thomas, stands at ten feet distance from 
fre, and another, whom I will call James, stands 
venty- feet from the fire; if they are similarly situ- | 
ed in all respects but that of distance, it may be 
Wcmonstrated, that the fire will impart four times as | 
nuch heat to Thomas as to James: that is, Thomas's 
eat is to James's, as the square of James's distance 
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from the fire, is to the N of Thomas s distance 


from it. 
Considering the sun as the center from whence 
proceed those rays, or particles, which meeting with 
proper substances, produce light and heat at the 
planets, and calculating by the theorem above men- 
tioned, it has been concluded, that if the earth were 
placed in the situation of Mercury, its medium of 
heat would be seven times more intense than the 
greatest heat of the torrid zone is in its present 
Situation. And hence it has been asserted, that i 
the materials of which Mercury are composed were 
exactly of the same nature as those of the earth, 
they could not long remain without. being either 
melted into a fluid, and dissipated into vapour, or 
vitrified. Have we. not then, in the formation of 
- this planet, another proof of infinite wisdom? For, 
if the world were formed by chance, or, as atheisti- 
cal writers express it, by the fortuitous concourse of 
atoms, whence comes it, that Mercury and the Earth 
should have the materials of which they are com- 
posed, so adjusted and arranged as to make them 
well adapted for their respective situations, as wel 
have abundant reason to conclude they are? _ | | 
It will be necessary to premise, that, though the 
motions of the planets are tolerably uniform and re- 
gular, yet they are not exactly so: nor are their 
orbits or tracts, in which they describe their periodi- 
cal motions, strictly chhlar, but rather elliptical; 


their bodies are not globes, but spheroids, being flat- 
1 5 N N ted 
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ted at the ends of their axes which. are called polen 
and more protuberant at their middle parts or equa- 
tors: their orbits are not all in the same plane, but 
are variously inclined to each other. However, as 


so particular a manner, I shall content myself with 
referring you to places where you may find abundant 
information in these respects.. (See the books re- 
commended towards the end of these Lessons.) 

Those planets which move in orbits within that of 
the earth, are called inferiour, perhaps more pro- 
perly interiour planets: those whose orbits enclode 
the earth's are called auperiour, or more properly 
erteriour planets. 

Mercury is the smallest of the inferiour planets, 
and the nearest to the sun, about which he is ear- 


this planet was considered mythologically as the 
messenger of the gods: he was represented emble- 


head and feet, and his caduceus entwined by winged 
Serpents. The character y in present use for this 


has a bright appearance, with a light tinct of blue: 
he never departs 28 from the gun, and by that 
mean is usually hid in his splendour. | 

The mean distance of Mercury from the 6un, is 
to that of the earth from the sun, as 387 to 1000: 
hence his distance is about 37 millions of miles. The 
zun's diameter will appear at Mercury nearly three 


it is foreign from my design to treat upon them in | 


ried with a very rapid motion. Hence it was, that 
matically by the figure of a youth with wings at his 


planet is also derived therefrom. Though small, he 
: 7 


: 
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times as large as at the earth: and the sun's ght 
and heat received there, is, as before observed, about 
seven times those at the earth. 

The diameter of this an is ily one third of 
the diameter of the earth, or about 3000 miles. 
Hence the surface of Mercury is nearly jth, and his 
magnitude or bulk th of that of the earth. 

His period of revolution round the sun is 87 days, 
23 hours, and Ich, hence you may find that he 
moves in his orbit about the sun at the amazing rate 
of more than 95000 miles. in an hour, His length 
of day, or time of rotation on his axis, inclination 
of axis to his orbit, &c. are yet unknown. 

Mercury changes his phases in a manner similar to 
the moon, according as he is differently stationed | 
with regard to the earth and sun: though we may 
observe that he never appears quite full, because his 
bright side is only turned directly towards us, when 
he is 80 near the sun as to be lost from our sight in 
his beams. These different phases of his, make it 
obvious that he does not shine by any light of his 
own; for if he did, he would always appear round. 

As the orbit of this planet is between the earth's 
orbit and the sun, if it were in the same plane as 
the orbit *of the earth, Mercury would frequently 
be seen to move across the face or disc of the sun. 


But as the planes of their orbits are not coincident, 


this appearance happens less commonly; it is de- 
nominated by astronomers, a, fransit of Mercury 


over the Sun's disc, the planet then appearing like 
a a black 
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lack spot on the face of the sun. The last transit 
Mercury happened on the seventh of May, in the 
ent year (1799) : other transits are expected to 
ppen in the years 1802, 1815, 1822, 1832, 1835, 
45, and 1848, | 


- 
1 
ö 


racter by which she is denoted in astronomical per 


assigned to be 24 days and 6 hours; but Cassini 


says the rotation is performed in about 23 hour, 


Fair Venus next fulfils her larger round, 

With softer beams, and milder glory crown'd ; - 

Friend to mankind, she glitters from afar, © 

Now the bright evening, now the morning star. 
BAKER, 


? 


VN“Us, the second planet from the Sun, is t! 
next which comes under our consideration : the cha 


formances is , which is the same as that whicl 
the chymists make use of to denote copper. 

The mean distance of this planet from the Sun i 
about 69 millions of miles, and her magnitude i 1 
nearly the same as the earth's, her diameter being 
something more than 7900 miles. Astronomers have 
discovered mountains on her surface; and some datk 
moveable spots, which have been observed on her 
disc, give- us great reason to suppose she has an a. 
mosphere. Her periodical course round the sun i 
completed in less than 226 days: the time of 
complete rotation on her axis was by Bianchi 


with a much stronger appearance of probability 


| and 
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| this assertion is 8upported by some late obser- 
ons accurately made by Shroeter, from which 
Jus determined che time of one rotation to be 28 


rs, 21 minutes. 


enus, when viewed through a telescope, is rarely 
to shine with a full face; but has phases chang- 


in like manner with the moon: being now gib- 

;, now horned; and her illumined part is con- 

tly toward the sun. | To the naked eye this 

et is easily distinguishable, on account of her 
htness and whiteness, which exceeds that of any 

r planet; nay her lustre is 80 considerable that 

n she is about 40 degrees removed from the sun, 
hardly equalled by that of the moon, which 
equently a dull light when compared with the 

ur and brightness of the beams of the planet. 

is state she has been often mistaken for a comet, 

is frequently seen in the day time when the sun 4 
es: a phenomenon which is taken notice of 1 3 
> of our philosophical poets, - 


: 
l 


. No stars besides their radiance can display 5 | 1 
In Pbæbus presence, the dread Lord of day; E 

have Ev'n Cynthia's self, tho' regent of the night, 42 

datk Is quite obscur'd by his emergent light: 3 

" her But Venus only, as if more divine, 

n M- With Pbæbus dares in partnership to shine.“ 

un 5 | 


of is planet is a morning star, when she appears 
chin ward of the sun, for che then rises before him; 
nini e times she is among poets called Pho pharus 
bility 7 | or 
z10uTr, =, + Oh 8 ot 
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or Lucifer: but when eastward of the sun, abe 

shines in the evening after he sets, and is then calle) 
popularly the evening star, but poets then give he 
the name Hesperus or Vesper. She retains each 
these names in its turn about 290 days. 

Venus, as well as Mercury, is sometimes seen t 
transit the sun's disc, in form of a dark round spe 
These fransits of Venus happen but seldom. 'On 
was seen in England in 1639; and two,in the pre 
sent century, viz. the one in 1761, and the othe 
in 1769; there will not happen another until th 
year 1874, | 

None of the wandering Stars are more ** 
and admired among the ancients, than the one 
are now reflecting upon: they had a . 
veneration for her, making her their favourite 7 
dess, paying her adoration and all that deity cou 
claim; they even thought that her power supple 
earth, air and sea, and that clouds and tempe 
disappeared at her presence. But those who dir 
their contemplations into a proper channel, 

strip the planet of these imaginary honours, : 
place them where they are really due: we in 
consider her in all her varied and attendant beauit 
as a part, a small part only, of the divine workm 
Ship of HiM © Who covers himself with light, 
« with a garment, and has stretched out the heart 
« like a curtain: by thus examining with att 
tion -the separate parts of his wonderful perfo 

an 
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ances, we shall reflect with greater pleasure on the 
whole, and be induced to exclaim, 


These are thy glorious works, parent of good, 
Almighty, thine this universal frame, 


Thus wonderous fair! TuYszLy how watch then! 
MILTON, ; 
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ON THE EARTH, 


More distant still our earth comes rolling on, 

And forms a wider circle round the sun; | 

With her the moon, companion ever dear! 

Her course attending thro' the shining year. AREA. 


In the earliest ages of the world the generality of 
mankind entertained very strange notions concern- 
ing the form and dimensions of the earth we inhabit: 
and even in the present enlightened age it is not un- 
usual to meet with persons whose ideas in this 
respect, are very far from the truth. Those who 
have not been in the habit of considering this sub- 
ject in an astronomical point of view, look upon 
the earth as a very extensive plane, here and there 
interspersed with hills and vales; they have also a 
confused notion of its being fixed firmly upon some- 
thing ; but upon what, or in what manner, it is im- 
possible for them to tell. 

But I would wish you, my young friends, to re- 
flect upon the subject in a more correct manner; to 
you I must therefore observe, that the earth is in 
form nearly globular, and partakes of two constant 

mo tions; the one about its axis, and the other through 
: | its 
g 
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orbit round the sun, like the other planets. To 
s perhaps some of you may object, and you may 
ance several reasons for the objection, the prin- 
al of which will be like the following :—1. It is 
pugnant to our senses, which represent the earth 
be flat and immoveable; 22 * to 
words of scripture. 
e first of these reasons may be obviated wich 
, if che subject be considered with a proper 
glows thus, the roundness of the earth is con- 
ed by recollecting that it has been frequently” 
led round: that it is round is also proved by con- 
ering that it's shadow, as projected upon the moon 
a lunar eclipse, always appears nearly circular, 
ich would not happen if the earth were not nearly 
erical; but the most manifest proof is derived 
dm the considerations directly following. If we ' 
nd upon the sea shore and notice a ship sailing 
dm us, we shall first lose sight of the hull or body 
the vessel, then of the lower parts of the masts 
rigging, and as she goes farther off, the upper 
s of the masts disappear : also, when a ship 
mes towards port, the steeples and highest build- 
ps are first seen by the sailors; as the vessel comes 
arer they perceive the houses and lower buildings . 
d presently after the surface of the ground appears. 
us it is obvious that the earth is nearly spherical: 
d the diversifications of its surface with mountains 
d vallies have no sensible effect in destroying it's 
ity; for the greatest hills when compared 

| C - . there» 
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therewith,. bear no greater proportion to the h 
than, does the little protuberances on the coat 
orange to the bulk thereof. _ 
Ihe argument alleged against the carth's motic 
that no such motion is evident to our sense 
is tao weak and frivolous to deserve a particul 
ans wer; for it is well known that we meet with d 
ceptions in the sense of vision, in a variety of i 
stances where the objects viewed are quite familj 
to us, and when the fallacy is discovered, we ha 
been surprized that we should be so eagily deceive, 
As to the second reason before advanced, the 
who oppose the astronomical ideas concerning i 
shape and motion of the earth, because they chi 
them contrary to revelation, would do well to ct 
sider for what purpose the II oly Scriptures we 
written. Were they written as a measure of fa 
or as a rule to regulate our philosophical opinion 
Gassendus does not give a direct answer to d 
question, but he has made some very pertinent 
servations on the subject, with which I Shall he 
present you. * There are,” says he, © two gacy 
„% volumes, the one written, called the Bible; 
« other Nature, or the -World.; .Gop haying n. 
« nifested himself by two lights, the one af ren 
lation, and the other of demonstration; 3 1 
« ingly-the interpreters of the former are div X 
« of the latter mathematicians. As to matters 
&« natural knowledge, the mathematicians ate ut 
6 -he ruled; aud as.to the objects .of faith, f 
prophes 
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prophets; che former being no less i interpreters, 
or apostles, from God to men than the latter. 


wander out of his province, if he should pretend 
to controvert, or set aside any article of faith from 


the divines are no less out of their limits, when 


ture, which does not pretend to teach any thing 
of the matter,” | 
shall now proceed 1 derelbe to you the earth. 
an astronomical point of view; for I am con- 
aced that the more attentiyely you consider it in” 
; light, the more willingly you will throw aside 


ilosophical reasoning in their stead. 


the sun, its mean distance from him being 95 
ions of miles ; and its. diameter is found to he 
0 miles. It is nearly. 3654 days in completing 
evolution through it's grbit, which js the length 


performed in the compags, of a natural, day or 4 © 


Urs, From mathematical. principles it, has been 
onstrated that the length of the i zomewhat 
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And as the mathematician would be judged ta 


principles of geometry; so it must be grantgd,- 


they venture to pronounce on a point af natural 
knowledge, beyond the reach of any not versed - 
in geometry and optics, merely from Holy Scrip- 


common prejudices, and place the true _ of . 


e earth, F 
nner of Atistotle, is called Tęrra; but amongst 
onomers it has obtained the name Tellus, and 
enoted by the character Q: it is the third planet 


our year: and a, complete rotatiqn upon it's s 


.- Iabour of the ais would fal, andthe GW 
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different at different parts of the year, but the dif. 
ference is very inconsiderable; one day when the 
sun is in the equinoctial being shorter by 40 second 
than when he is in the tropics. There is al 
another motion of the earth, which occasions the 
precession of the equinoxes, but it is of too ab- 
struse a nature to be explained to you in a satis- 
factory manner, until you have * a better ac- 
quaintance with astronomy. 

Here let us pause and contemplate with humi 
lity, mingled with satisfaction, the abundant good 
ness of HIM Who hangeth the earth upon nc 
* thing” to us his creatures. He compels ti 
huge mass of inert matter on which we dwell, tt 
travel with wonderful regularity through the abys 

of space, and in it's progress the various pan 
thereof, are by means of the diurnal rotation, mad 
ta feel the effects of the invigorating fountain d 
light and heat. Were it not for this we should set 
sibly feel the want of the returning seasons: 1 
more should we see the vallies standing thick wi 
eorn; nor should we behold the beautiful verdur 
of the fertile meadow ;—no more would the tree 
spread forth their foliage, nor would the plants le 
ornamented with flowers. Or as it is expressed 
the language of inspiration—** No Jonger would tht 
« fig-tree blossom, nor fruit-be in the vine: Tit 


yield no meat: the flacks must. be cut of 


3 
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the fold, and there would be no herd in the 
« stalls.” 

Consider this, ye perverse del wks argue 
gainst conviction: consider and tell us, if the above 
gloomy picture would not be realized, were the 
hance which you blindly extol, to preside over us. 
But thanks to the beneficence of the all-wise PRO- 
ECTOR of erring men, the evils which would be 
rought upon us under the dominion of chance, are 
verted :—directed by an ALMIGHTY command, the 

rth is carried gradually along, and it's motions are 
egulated in such a manner as are most conducive 
> the general design: the varied seasons of the year 
id the vicissitudes of day and night follow each 
ther in pleasing gradations; the whole move on 
ith astonishing harmony, and through every part 
f their progress, the omnipotent conductor is ad- 
ninistring to our wants, and besfowing upon us ad- 
itional blessings. Oh! that men would praise 
the Lord for his goodness, and for his wonderful 
works to the children of men * !” 
| The 


It has been customary when speaking of the benefits ws, 
joy, to mention the convenient situation of the earth in the | 
stem with respect to light and heat; and in particular with re- 
d to heat, it has been said, that were we nearer the sun the 
1 would be burnt, and were it farther off we should be frozen. 
his method of reasoning might be applied with propriety when 
was thought that the sun was a globe of fire; but as modern 
have led philosophers to dispute the truth of such an 
it was thought better to omit the argument here hinted = 
.C3 at. 
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The earth is attended with a satellite, which add 
greatly to our comforts and greatly to our pleasures: 
I dare say you will wish to be acquainted with it 
nature and size, when I tell you that this satellite 
no other than the Moon, which with a | - / | 


— light > 4 
Shadowy zets off the face of things. MILTON» | 


But as this heavenly body in of cle in "Ita 
as to deserve a separate description, I shall g 
mmm tie 61 


at. However | have Is mane parts of thaey ieee ve of 
degrees of light and heat, in a manner conformable to | 
generally received opinion 1 have also in chose places wharl 


have spoken of the heat produced by the action of the ui 
generally called it the colar hear; nad no rem lanes 
the mode of expression most commonly uded; untll the 
e 
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ON MARS. 


In larger circuit rolls the orb of Mars 
Guiltless of stern debate, and wasteful wats, 
As some have erring taught: he joutnies on, 
Impell'd and nourish'd by the attractive sun 
Like us, his seasons and his day he. owes - 


To the vast bounty which from Phesbus flows: | 
20 


— —— — 
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L HE next Janet which Als ug our Sts 0 
ion, is called by the same name as Mars, the 

then God of war; and very probably, because 

appears with a ruddy fiery Countehance: among 
tronomers he is characterized by this mark 25 
hich seems to be a rude sketch of a man 
;pear protended. Mars is the first of the four su- 
nr planets, his orbit being immediately above oF 
dat of the earth: his mean distance from the sun | 
about 132 of those parts, of which the mean dis- | 
nce of the earth from that luininary is 190: hence 
is real distance is abcut 144 millions of miles: he 
rforms his revolution round his orbit in about 
87 of our days, or 667 2 of his own days which * 
be e length of his year. The light and heat ar this, 


C4 $1 * "planet, 
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it may be shewn that his bulk is of the earth 
Dr. Hook, in the year 1665, observed several spc 
in Mars: observations on these spots and their mc 


this exception, that he is never cornicular, or hornet 


appears smaller than Venus, and redder; having 
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planet (calculating after the manner described 
the fourth Lesson) are in proportion to the lig 
and heat at the earth, nearly as 43 to- 100. H 
diameter, or axis is nearly 4200 miles, from hene 


tion by the noted astronomers Cassini and Herschel 
have at length determined the rotation of this plan 
on his axis to be performed in 24 hours 3 ve 
nearly, which is the length of his day. 

Mars when viewed through a telescope is d 
served to increase and decrease like the moon, wil 


from this we may infer that he shines not by li 
oyn light, and that his orbit includes that of t 
earth. 275 

This planet when viewed by the unassisted e 


ruddy troubled colour: whether this arises from i 
planet being of such a nature as to reflect the 1 
rays of light best, or from a thick atmosphere 
tending it, is rather uncertain, But be this as 
will, it appears pretty manifest that his sanguil 
complexion has obtained him a post of emine! 
among the pagan deities. . 
Virgil, and some other of the ancient poets, g 
us lively descriptions of him: they represent him 
riding in a high chariot drawn by two horses, Fe 
and Zerrour, and that the God may sit at his ca 


& 
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his sister Bellona is employed in holding the reins 
and driving. However though earthly poets have 
honoured him with these attendants, it does not 
appear likely that he has any in the heavens: for 
no satellites of his have yet been discovered; though 
he is the only one of the superior planets that travels 
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Next Jove, prodigious planet of the skies! 
His orb presents of huge amazing size, 
In bulk none equals his enormous mass; 
The whole joint system his contents surpaass. BROWN, 


% 


\ 
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Tru S sang the poet :—his assertion was srictly 
true, when the general opinion was that there were 
only six primary planets; but as there has a seventh 
lately been discovered, and that a large one, there 
now remains some doubt: however as the diameters 
of each of the planets are given in these Lessons, 
my young readers may find if Mr. B—'s assertion 
will- now hold good, when they have leisure to 
perform the necessary operations, * 
This planet, has the same name as the grand 
- heathen deity, viz. Jupiter, the character by which 
he is denoted is V, to represent the thunderbolts, 
as some people suppose; this mark is the same 3s 
that by which the chemists denote tin. | 
Jupiter is situated between Mars and Saturn, and 
is the fifth primary planet reckoning from the sun: 
hu mean distance from the tun is 52 of such * 
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of which the earth's Aidbitee b 103 hence bis real 
distance is about 490 millions of miles. His annual 
revolution about the um is performed in about 4338 
days and 3, being nearly 12 of our years; moving 
in his ofbie at Ws fr er te Mum 55 Wa ed 
miles per hour. The light and heat rec&ved from 
che sun at Jupiter, are in proportion to hoe te- 
ceived at the eatth, as 97 to 1000: hene, it is k 
very providerttial circtmistance that he is attended 
dy satellmes; otherwise his inhabitants (I Shall give 
reasons for supptsing he has inhabitants, in #hother 
place) would be in a very keary sirnation, 155 „ 
Jupiter's diameter or axis is more than 10 nes ; 
that of the earth, and therefore his tnagnitude more 
than 1000 times the earth's: his diameter in Englich 
miles is 89170 ; he performs his diurnat rotation bh 
his axis in the short interval of 9 hours and 8 
minutes, by whith mean His equatorial parts are 
carried round with about 25 times the velocity ef 
the like parts of our earth; being carried at the 
amazing rate of 26 thousand miles per hour. This 
quick succession of days will also be viewed by the © 
tttentive philosopher us another insratice of Livine 
wisdotn : for, as the poet obẽet ve eee 
uns 
in ample compare Fove conduets' bis her, | 
Aud later finiſhes. his tedious ver; „ 
Vet cwiftiy on his axle turn d regain sn, „ 
The frequent aid of day to warm his plains, 3 ; 
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But how will the hearts of all religions youth 
glow with admiration, when they are informed that 
the axis of Jupiter is so nearly perpendicular to his 
orbit, that he has no sensible change of seasons 
can this be the work of chance? how wisely ordered! 
For if the axis of this planet were inclined any con- 
siderable number of degrees, so many degrees round 
2 pole would be almost 6 years together in dark- 
And as each degree of a great circle on this 

ane contains more than 700 miles; it is natural 
to conceive, that vast tracts of land would be ren» 
dered uninhabitable, by any considerable nn, 
of his axis. 
Jupiter when viewed through a 3 ban 

to be surrounded by faint substances called zones or 
belts. These belts are generally parallel to its equator; 
which is very nearly parallel to the ecliptic; they 
are subject ta great variations, both in respect to 
their number and figure: sometimes eight have been 
teen at once, and sometimes only one; sometimes 
they continue for three months, without any varia- 
tion, and sometimes a new belt has been formed i in 
less than two hours. From their being subject to 
such changes, it is very probable that they do nat 
adhere to the body of Jupiter, but exist in his at- 
mosphere. Dr. Smith in his optics has given a cu- 
rious account of these belts; and the greater part 
of the writers on astronomy have given e 
1 hol chem. | 
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This planet, when viewed by the unassisted eye, 
is remarkable for its pure white brighiness: indeed 
it is the brightest of all the planets, except some- 
times Venus. This may appear singular when we 
remember his great distance from the sun; but when 
e also consider his enormous bulk, the wonder 
vill cease. 
In the year 1610, Galilee drone hat er 
ad four satellites, which he called Aed:cean Stars, 
n honour of the family of the Medici, his patrons. 
is was a discovery very important in its conse- 
uences, as it afforded a method of determining the 
ongitude of places on the earth (by means of the 
lipses of these satellites) with greater facility and 
cy than by any other method yet known. 
ese eclipses also enabled M. Roemer to discover 
ad ascertain the progressive motion of light ; and 
e Dr. Bradley was enabled to explain an ap- 
arent motion in the fixed star, which could. nat 
nn have been accounted. for. 
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Still farther off, scarce warm ' d by Phœbus 1, 
Turo' his Wide orbit, Saturn wheels away. 
Ho great the change could we be wafted there, 
How low the veasons | and how long the year ! | 
11 8 | ». 


- 


Tnr sixth planet has obtained the sameè name 
Fatiiyn, the supposed father of the heathen! god 
amortgst astronomers he is r&presemted by * ch 
racter h, to initate an old man supporting him 
upon à staff; the same character among tis © 
Telfsts dendtes lead; and indeed there is some oF 
between the colon of that metal, and the 1 
dusky colour of the planet. | 
Saturn's mean distance from the sun is about 9 
times farther than the mean distance 'of the e: 
from that luminary ; being nearly 900 million | 
miles: and of course the light and heat he derin 
from the sun are about ninety times less than at t 
This planet performs his annual revolution | 
abdut 1076 14 of our days; being not far shon 
thirty years. His diameter or axis is more i 
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ature of a planet to revolve on its axis, Casxini 


is kind; the time of which they endeavoured to 


owever, been vt Tength àscertämed by the observa- 
ions of Dr. Herschel, from which he fas found 
at Saturn revolves. about his axis in ten hours and 
ixteen minutes. 

Saturn has seven ROS" or moons, attendant 
pon him: but the most surprizing thing observed 
bout this planet is a kind of ring which encom- 
dasses his body: astronomers have noticed it very 
ttentively, and some of them have determined it to 


aturn, and to be nearly thirty thousand miles in 
readth, After paying a very minute attention to 


1y, that it is divided into two concentrie 


o the equator of the planet. 
There are several conjectures with regard to the 
ces of this ring, and amongst them, the one which 


must coincide with; this I shall give you in the 
yords of a poet, who has evinced an extensive 
cquaintance with philosophy, united with that ra- 


e (i 
t 16 


. 
$04 


ttentive contemplation of the works of nature. 


Muſe] 


imes that öf the ik, As it 8 iffecable to the 


letermine, but without duceess. Th Pomt has, 


e about twenty - one thousand miles distant from. 


is ring, Dr. Herochel thinks himself authorized to 


onal devotion which is generally the result of an 


ind others supposed. that Saturn had a ; rotation f 


* 


ituated in one plane, which is not much inclined 1 


ends most to evince the wisdom of the Almighty | 
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Muze! raise thy voice, mysterious truth to ting 
How o'er the copious orb a lucid ring, | 
Opake and broad is seen it's arch to spread 
Round the big globe at stated periods led; 


Perhaps (it's use unknown) with gathered heat... 
To aid the regions of that gelid seat, 411 
'The want of nearer Phcebus to supply, nos 


And warm with reflex beams his summer a/; 
Else might the high placed world, exposed to frost, 
Lie waste, in one eternal winter t. Brown. 


Some persons who object to this observe, that the 
inhabitants of Saturn have undoubtedly consti 
tions suited to the globe they inhabit: but these ol 
jectors may be reminded, that the nature of Saturn 
inhabitants may be so tempered as continually to 
quire the aid of this ring to keep them sufficient 
warm; it may also serve to remind them in what 
deplorable state they would be, were it not for i 
continual superintendence and presence of the. ade 
table Creator. 
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ON GEORGIUM SIDUS, oz HERSCHEL, 


Last of the splendid planetary throng, 

See Georgium Sidus gently glides along; 

For ages from the world conceal'd hestray'd, 
Till noted Herschel the discovery made; 

His worth should be for ever known to fame, 
So let the new found planet bear his name. 


I: was for ages supposed that there were only six 
planets in the solar 8ystem-: and the ingenious 
Kepler, a very eminent astronomer, was- 80 firmly 
persuaded there were no more, that he confesses, 
one of the three things which he anxiously sought 
to find the reason of, was, —why the planets were 
six in number? 

It is to the indefatigable application of an astro- 
omer, who has long resided in this country, (and 
vhom I have had frequent occasion to mention} 


amongst other brilliant discoveries, for, that of a 
planet, which is the fourth of the superior ones, 
and the farthest from the sun of any yet discovered. 
his new found planet was discovered on the 13th 
f March 1781, and is known by two titles: he 
| ons 


Dr. William Herschel, that we are indebted, 
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one of Georgium Sidus, was bestowed upon it- by 
the discoverer, in honour of our present Sovereign. 
The other of Herschel is given it by the chief 
astronomers of all nations, as a proper testimony of 
respect to the assiduity and abilities of the- person 
who discovered it. | 
Georgium Sidus or Herschel, is characterized 
by the mark I, being the initial of the digcoverer's 
name, with a cross bar, intersecting the horizontal 
bar of the H, to represent a cross, and thereby to 
denote, that the discovery of this planet was after 
the birth of Christ. Herschel's mean distance from 
the sun is about nineteen times that of the earth, viz. 
about 1800 millions of miles; he performs a revo- 
lation through his orbit in 30445 days very nearly, 
being almost ninety. of our years; the light and 
heat he derives from the sun, are about the 36 Aud 
part of those at the earth, calculating on the hypo- 
thesis before explained. This planet appears of a 
bluish white colour, and its brilliancy is betwees 
that of Venus and the Moon. With a telescope 
that magnifies about 300 times, he appears to have 
a very well defined visible disc. In a very fine clear 
night, when the moon is absent, he may be hes 
by a good eye without a telescope. 
. This time of this planet's diurnal rotation is not 
 discovered; his axis is found to be 35965 
glich miles, and his solidity 2415528374569 
2 miles. How amazing must be the power 
that could Fut this and the other 9 odd 
of , ra 


% 
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apidity through the liquid ether | but let your admi- 
ation not yet cease, for these are only part of 
his ways.” Our contemplations on the w 

anopy are not yet completed ;— | 


n | 
— Night opes the noblect acenes, and cheds an awe, 
* Which gives those venerable scenes full weight, 
5 And deep reception in the entender d heart. ron. 
$ | | 8 
tal Georgium Sidus has six 82tzllites already dis- 


to 


overed; which are probably of very great utility. to 
is inhabitants. For it is very reasonable to con- 
lude, that there is scarcely any part of this large 
planet, but what is constantly erifightened by one 


dr other of these moons . 


* 


. 
laims a preference to all others, will, I think, appear gbvious 
om the following consideratſons. 

I, The planet fins moves round the Sun, and not round the 
arth, For through a telescope, it 5ometimes appears with a 
right and round face. like the full Moon, and sometimes horned 
ice the new Moon; and when it appears full, it is cen near the 
ady of the Sun, as well as when it appears horned: which could 
a be, did it move round the Farth alone, or round neither thp 
un nor the Earth, For, if it moved round the Earth alone, or 
und both the Sun and the Earth, it must de seen sometimes in 
at part of the Heavens which is opposite to the Sun. -If it 
oved round neither the Sun nor the Earth, it could not appear 
2th horned and full, when it is geen near the body of the Sun z 


ESTE 


a 


* K 


SE 


628 remains, therefore, that it  reyolyes about the Sun, and not 

tt bout the Earth, Honey bn els ain Sun, and is within 
e orbit it of the Earth, 

zuck 

idi | Pe ? K. 
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II. Applying a similar mode of reasoning, we may conclude, 
that Mercury moves round the Sun in a less orbit than that of 
Fenus; because it puts on the same phases with Venus, and is 
never seen so far from the Sun as that planet is. 

III. The orbit of Mars includes both the Earth and the Sun; 
and the Earth is not in the center thereof. For, this planet is 
capable of appearing opposite to the Sun, or in any other situa- 
tion with respect to that luminary; which could not be, unley 
mn moved round the earth: and it always appears full, or nearly 
so; which it could not do if it ever came between the Sun and 
the Earth; hence, it moves also round the Sun. And farther, 
when Mars is in the opposite part of the Heavens to the Sun, i 
appears about five times larger than when it is near the Sun; 
which shews that it is much nearer the Earth in one situation 
than in the other: the Earth, therefore, is not in the __— 
motion. 7 

IV. The like being observable of Jupiter, Saturn, and Herchs 
{though, on account of their greater distance from the Sun and 
vs, the diversity in their apparent magnitudes in different j 
ol their orbits, is not so great as in Mari), it is reasonable to con- 
elude, that these planets also have both the Earth and the Sun 

within their orbits, and that the-Sun, rather than the Earth, is i 
the center of the same, 4 

v. Since, then, the Earth is placed within the orbits of Merz 

Jupiter, Saturn, and Herichel, these planets cannot appear to us to 
stand still, or to go backward, as observations shew they $ome- 
times do appear, unless the earth moves: and since, as has beet 
shewn, Venus and Mercu- y revolve about the Sun, and not abort 
the Earth; since also, the Earth is placed between the orbits d 
Mars and Venus, and the periodical time of the earth, if it doe 
move, is, in point of magnitude, between the periodical times d 
those two, itseems quite reasonable to suppose that the Earth re- 
yolves about the Sun in the ame manner as the planets do] its 
merefore reckoned in tht number of them, : 


, * 
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vl. But what very much confirms this conclusion, is, that 
stonighing harmony, which upon this swppcsition, runs through 
whole r item ſor it is known that the motions of all the 
lanets, both primary and secondary, are in conformity to one 
d the same law; which is, that the sguares of the periodical 
mes of the primary planets, are propertional to the cubes of their 
an diztences from the Sun; and that tbe ſquare: of the periedical 
mes of the recendaries of any primary, are to each other, as the cubes 
lar Cixtances from that primary. By no other hypothesis which 
been yet invented, can the motions of the heavenly bodies be 
counted for with auch beauty and simplicity, as by thisz nor is 
re any other system which exhibits the fabric of the univerte, 
that regularity and harmony which is worthy the Diving 
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Þ-;1 $1 dk . 
ON THE MOON, 
CPE VEN —— —— * 1. 


He emooth d the rough- cat Moqn's imperſect mold, 
And comb'd her beamy locks with aacred gold; 
Be thou, said he, Queen of the mournful night, 
And as he spoke, the rose o'erclad with light; 


— — 


Amp the beauteous scenes which deck the face 
of nature, there are very. few that haye a more pleas 
ing effect, than those which are viewed by the 
light of the moon. Several of the poets have given 
noble descriptions of the delightful appearance and 
effect of a moon-light evening: one of which, by 
the ancient poet Homer, I shall here insert. 
so when the Moon, refulgent lamp of night, 
O'er heav'n's clear azure spreads her sacred light, 
When not a breath disturbs the deep serene, 
And not a cloud o'ercasts the solemn scene 
Around her throne the vivid planets roll, 
And stars unnumber'd gild the glowing pole. 
O'er the dark trees a yellower verdure shed, 
And tip with silver ev'ry mountain's head: 
Then shine the vales; the rocks in prospect rise 
A flood of glory bursts from all the akies; 


enn | 
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The congcious xaing, rejoiging,in.the Sicht, 
Eye the blue vault, and bless the denn light, "yp 


* genus | 5 


Mr. Pope observes that e exhibit, ine 
riginal, the finest night-pigce.in poetry: the reader 
py judge that in tap wie: er 40 nat e 
sadvantageausly. 
This beautiful Wie ert mhow gentle 88 
the summer evenings more agreeable, and the 
inter nights less unpleasant, is a secondary planet; 
ing a satellite to the earth we inhabit, about 
hich she revolves in an elliptical orbit from one 
moon to anather in twenty-nine days twelve 
purs forty-four minutes very nearly. Her mean 
tance from the earth is 240,000 miles, and she 
pves in her orbit at the rate of about 2290 miles 


r rotation on her axis is performed in the same 
e as her revolution through her orbit: hence it 
that her day and night taken tegetber are 
t as hes as our lunar month. 
You have without doubt, very frequently ie 
ice of the various changes the moon undergoes, 
you very probably are anxious to see them ac- 
nted for: I shall here endeavour to satisfy your - 
posity. The Moon is a dark, or .opake body, 
ing principally with the light she receives from 
sun; hence, only that half turned tawards him 
ay dme can be illuminateil, the opposite. half re- 


an hour: her diameter is abqut 2180 miles; and 
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maining dark: then as the face of the Moon v. 
sible on the earth, is that part of her body turned 
towards us, we shall, according to the different po- 
sitions of the Moon, with regard to the Sun and 
Farth, perceive different degrees of illumination. 
Hence the Moon appears sometimes increasing, 
sometimes waning: sometimes horned, then half 
round; sometimes gibbous, then full and round. 
At the time of new Moon, the Moon is between 
the Earth and Sun; and at the time of full Moor 
the Earth is between the Moon and Sun. 

This may be familiarly illustrated by means of an 
ivory ball which being held before a candle in various 
positions, will present a greater or less portion of its 
illumined hemisphere to the view of the obgerver. 
The Earth presents the same phases to a spectato 
on the moon, as she does to us, only in a cont 
order, the one being full when the other change 
&c. and in a greater degree, the earth giving Hirte 
times as much light as the moon. 

The face of the Moon, as you may have ofteq 
observed, appears to have shades of different c- 
lours: when viewed through a telescope these s 
are found to be the diversifications of hills and 
lies; the same are also shewn by the border of tht 
Moon appearing indented or jagged, especial 
about the edge of the illumined part when tit 
Moon is eicher horned or gibbous. Dr. aig 7 
has measured the heights of several of the 
prominences with greater precision than any oft T 


WW 
er astronomers: he has determined-that very 
of chem exceed Raff a mile in their petpendicullar 
tion. He has also observed ve vert volcanoes 
he moon, emitfng fire, as those on d earth 
and indeed chere is very little reagon to doubt, 
, to complete the imilarity between her and the 
b. she has also seas, rivers, and an atmosphere. 
hrigianus Huygens, in his excellent conjec- 
s concerning the planetary worlds, says "Tis 
ertain that the Moon has no atmosphere sur- 
ounding her;“ he then proceeds to give his rea- 
for such an assertion: but he has in this instance 
en far short of his usual sagacity; for the exist- 
e of a lunar atmosphere has been frequently 
ved by later writers from the most * con- 
rations. 
f the Moon shone by a light of het « own, we 
duld feel a sensible warmth from her rays; but 
sa light reflected from the Sun with which sho 
cs, and is so exceedingly weak and languid, that 
greatest burning glass will not collect enough 
make any sensible degree of heat. This has been 
ounted for, and those who have gone througm 
computation assert, that the light of the full 
don is ninety- thousand times less than day-light. 
dw wonderfully is infinite goodness and wisdom 
played in this instance! For if the Moon's re- 
ted rays produced heat, as the air of the night 
duld then have a continual warmth, it is obvious ' 
D - that 
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that it would be prejudicial to the health of u 
kind. Can we contemplate such divine g 
and not feel thankfulness for it? surely our 
of adoration to the beneficent Creator should e: 
4 fr as de gel rays of the Moon ar dm 


* 
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ON COMETS. 
— 


At his command, affrighting human kind, 

Comets drag on their blazing lengths behind z 

Nor, as we think, do they at random rove, | 

But in determin'd times, thro” long ellipses move; 

And though sometimes they near approach the Sun, 
zometimes beyond our syStem's orbit run, 
Throughout their race they act their Maker's will, 

His power declare, his purposet futhil. | BAXTER. 


Y 
——_—_—_——__ 


OTHER kind of wandering bodies is known 
name of Comets: these the common people 
azing stars, because they generally have long 
blazing or streaming from them. As these 
ordinary bodies are but zeldom teen, they are 
any persons thought portentous, preaaging 
extraordinary event; some look upon them a5 

signs hung out by divine resentment ov 

world: some read in their appearance the: i i 
nations and the fall of monarchies; others 1 
ne they foretel desolating plagues, famines; o \ 
for my own part, I must acquit them of . 
thing of this kind i though I think it not alto- 
umpassible tht! they, may be sometime the 

_ | means 
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means of producing very material changes on 


globe we inhabit. 

Among the yariqus opinions which have bee 
tertained concerning the nature of Comets, tha 
Nxwrox has been, till lately, most generalyl 
sented to. According..to his hypothesis, Ct 
consist of a very compact, durable, and solid 
etance, capable of bearing most exceedingly 
degrees of heat and cold withqut dissolution; 
are of an opake nature shining by reflection of 
sun's light, as the planets do- They move in 
periods 1 in very long elliptical orbits, having fl 
in one of their Foci. in | one part © of their AY 
approach extremely near to che Sun, and i 

part they are immensely distant from hi 
times they come much nearer to the Sun thn] 
- *cnry's orbit, at other times they are greatly f 

from the Sun than Georgium Sidus. 
one person's life is seldom longer than a C 
period, and very frequently not s long, chere 
little chance of his again seeing a Comet, 
dere o AI RtETn l revolution i 
its: orbit, and of courge' their yall not 

3 
I' be tail ofa Tonic, dich h point 
: panel part, ren 
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igious quantity of fume and vaponrs, flying off 
| its body, as it becomes mote and more heated 
; approach to the Sun. Thee tails are 8ome+ 
s exceedingly long, some having been computed 
80 millions of miles in length: that they: are 
urs was thought evident from these considera- 
first, the fixed stars are often seen through 
; secondly, they appear broader on their upper 
than near the head of the Comet; thirdly, the | 
lie always towards those parts which the comets 
just leſt; and fourthly, they seem mot aplendid 
large immediately after they return from the 
all which is . vet: reh de 
apour. 

0 read of Nineron, as whe: reviide;- 
en objected to by Dr. Halley and Dro Hamil- 
who think that' the tail of 'a- Comet is formed 
atter which has not the power of refracting and 
ting the rays of light; but chat it is 4 lucid, or 
hining substance, and from its similarity to the 
7ra-borealts, they think it probable that it is 
uced by a similar cause, and is properly an 
rical phænomenon. | 
more recently advanced opinion is that of Dr. 
chel, who has affirmed, that after a very dili- 
examination, he could not perceive the least 
arance of any solid nucleus, as they seemed to 
cre collections of vapours condensed about the 
of each. He farther supposed that the orbits 
omets are not regular and determinate, as they 

* 3 have. 


18 (owing to the long intervals which frequently 
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have been generally imagined to be, because, het 
they are liable to be changed considerably by 
perturbation of the planets. Perhaps, the 
appearance of some Comets, which were pred 
to appear in these last few n ROY 
firm this suggestion. 

Aſter all, it must be — Gas the 
losophy of Comets is, at present, very impe 
The discoveries which have hitherto been n 


cede the return of Comets, and their irregular 
tions), are not sufficiently important to afford 
thing decisive. The prediction of Seneca rem 
yet to be accomplished, wherein he says, 
time will come when the nature of Comet 
+ their magnitudes, will be demonstrated, and 
„ Touts they take, so different from the planets 
INT nyo” eee, 


«« preceding ages should be ignorant of n 
plain and easy to be known.” _- 
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ON GR AVITY, WEIGHT, . 


This problems lot phitocophers redoble; iti N 
What makes the globes from east to west revolve Tr 
What is the strong impulsive cause declare, 
en 


— 


Vunsr you are reflecting upon the planetary 
dies, and considering the regularity of their. re- 
ning periods, these enquiries will yery naturally be 
zgested to your ideas: as a research of this. kind 


| 


ated to that purpose. Sir T8aac Newton has 


Hem are 


25 — 

And rul'd een 

Which draws the atone projected to the wand. | 

" THOMION., is 


he agacious Kepler bad determined from ob-. 
ions, that the planetary motions agree with 
regular law, viz, The squares of their perio- 
al times are as the cubes of their mean distances. 
D4 ' , from 


x BLACKNOLE> 


mot be unpleaging, this Lesson will de appro- 


us no room to doubt that the bodies in the wlar | 


| 
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from the Sun or focus of their orbits; "and this] 
has been zince demonstrated by Newton, from f 
principles of attraction and projectile motion. 
we carry back our researches to the creation of t 
world, we might reason in a manner similar tot 
following: In the beginning the GRAND Mort 
impressed such a degree of motion upon these boi 
68, if not controntedy end hae Wade U 
ward in straight lines, and to endless fenyths, till thy 
would haye been lost to imagination in the. at 
of space. But the gravitating property , (whi 
acts in reciprocal proportion to the square of | 
distance from the attractive center), being combi 
with the projectile force, determined their co 
to an elliptical form, and obliged these bodies 
perform their destined rounds. Were either 
these eauses to have its action suspended, the b 
mony of these motions would be disconcerted: w 
au- ans e eee 
drawn by the attractive power till they fell u 
the 2 body: and if the gravitating force w 
suspended, eee cler 0 
E ae pechays weckt bal 2 
into atoms. fr 

How adinirabte,; -s tad 
n . of the single R 
does and A 
the Mundane System: it is this which vos eie 
ad . -abeefyintprencb wig | 
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4 upon rely centers: it 18 te lr wen 
attribute the pressure of the atmosphere ? it is. 
; which cause the ocear to ebb and flew with = 
nnen n yer contigeg b within” 
from — And what 1 Grivityt® 
e and wEkhow hoe 
acts; but tar if is a primary quality essential to- 
1 bodies, is not untversally adihitted: those who 
quire after the eause of Gravity muit be inform 
} that the trus cause ig ine DEtry* for Gravity 
ay not impropbrly be stiled the « Finger of Gon; 
the constant impression of D¾ꝰine power; —in 
ery other sense the waits mn D. e 
plored by mortals.” - | 
But if the cuuse of Otailty: hape unter yer Volt, 
covered, hall Gravity itself for that reason be 
led an occult quality, and rejected frbni philog-." 
y Those who dra sue concludes should 
le care lest they aflvance an absurdity; by which” 
e foundations of al phllosophy may de byerturnedl⸗ 
or causes usually protected} in x cohνj,QAdd cham,” 
om compound to more sirtiple: and ven we have 


1 


farther: No mechanical eæplication can be given 
f the most simple cause: for, if there: cou¹d the 
auze would not yet be tlie most simple. If these 
nos eee e e e and” 
which me Asad pee, Ulesg ene, 
also which depend upon these 2 and 80 
YE , 2; 


7 
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rived” at the mott simple cause“ we vam prcend” 
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whatever. 


heavy ones, is the consequence of the univerd 


ence are manifested by every the most obvious effect; 


| n e 


explained synthetically, by she wing their conformity: 
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on until philosophy be entirely divested of all c 


By the method Analyvis it is that we mat 
out the established laws of nature; or that order 
which instrumental causes are used in produc 
natural effects. But, as we rise from effects 
causes, the more general are those powers which we 
discover. Effects apparently contradictory are 
found to proceed from the same principle. The 
ascent of light bodies, as well as the descent d 


gravitation of matter. Cohesion, dissolution, ani 
various phænomena in chyntistry, are derived from 
the attractions of minute particles at very small di- 
tances. And, wherever we turn our view, the whole 
eourse of nature evidently points out to us, that all 
the various appearances which we behold flow from 
more immediately depend upon the ascendant power 
of the onE SUPREME CAUSE, the Author and 
Governor ofthe Universe] whose existence and inſlu- 


and of whose power, wisdom, and goodness, we 
acquire higher and more enlarged conceptions in 


of his works. | 
The laws of nature being discovered, as above- 


mentioned, by analysis, particular phiznomena are. 


to these laws. Thus, to shew that the Moon i 
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ined in its orbit by the force of gravity, is to 
hew the agreement between that. force, -and the: 
o the center of the earth: that the Moon is con- 
inually bent from the tangent of its orbit, in the 
ame manner as a body near the surface of the earth 
turned from its rectilinear motion into à curve: 
hat both these motions are directed to the same 
int, and agree in quantity: that, if the Moon were 
> approach to the surface of the Earth, the force, 
y which. it is rotained in its orbit, would make it de- 
nd towards the center of the Earth, through the 
ame space which a heavy body falling by its gra- 
ity, would descend through in: the same time: and 

if a stone or a: bullet could be carried to-the 
stance of. the Moon, and. there projected. with a 
ficient. velocity, it. would revolve round the Earth 
a Moon, far the same: reason by which it id 
t into a curve, when projected near the surface of, _ 
ewton. demonstrated the universal gravitation of 
atter ;- and it is now pretty generally allowed that 
he ame principle of gravity, by which we bee d 
al law of nature, extended to all distances, and to 
ery body in the universe. Thus it is agreed, that 
e primary and secondary planets in our tystem, ag 
50 the Sun, are mutually attracted, by each other. 
ut since all attractions are mutual, it will follow,, 
bat if one or more bodies rexolve about another, 
D 6 ä which 
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face. Round this point the Sun itself is continually 


J may now quit Mis part of the subject witho! 


body, it must be recolleoted, that Gravity ir 


Presses, or has a tendeney to imprese o every pu 
ticle"of bodies, in an inoant, a certain velociry, w 
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which, is alen attracted by-/ them. that kirby 
will not bo at rost; but together withy-them, wil 
zevolve round tlie common center vf gravity'of the 
whole system. Hence then, and from the propore 
tons: of. the quantities of matter of the dun and t 
planeta, it is found that the common cemer of pr 
vity of the solar system is nauer far removed frau 
the body. of che Sun, and is generally within'its's 


moved in various directions, approaching or rec 
ing accordieg- ae r i i 
planets.” 21 
Since ben all bolies/ e cel | 
which experiments or observations can be made, 
und to gravitate towards each other, what has bee 
Before vaid of the universal extension of Gravity; wi 
be the more willingly aceeded to; I hope thierefon 


giving 88 additional ur IE 
- ana 


— this Lezon, 1 cannot ae 
We w words to explain the differvnbe t 


| Oraoity nnd Weight, whictrappens rome them. „ 


necessary, because I am aware that dug 
monly emertained are not very correct. - I 
': Ih. order to form an exact idea of — | 


and that, abstracting tho i the air, this 
velocity would be the ame r eack of the particles 
of bodies, Whatever bo their substance This being 
observed, we must understand by the weight of a 
body, the ert mc ⏑g̃ to pruwent it from falling ; 
and, it is evident, that in order to this, it is necessary 
to destroy the velocity which gravity has impressed 
on every particle. This effort must, thereſtho, be 
equal to the sum of the velobities of all the particles. 


most compact, and which, consequentiy, contain a 
greater number of particles in the same bulk, will 


the um of the velocities impressed on all the 
ticles, that sum must be so much Feater, as 
are more material particles contained in the nhass of 
the body. | 


M. de Condorcet, that we may” ger . the miecendity* 


« Gravity, and that of Weight? the former id ie 
« power of 'transinitthng, or a tendeney to traſlaptit 
into every particle” of matter à certain velbeſty, 
« which is absolutely independent ou this "nur 
« of material particles; and the decond i ther 
which must be exercised to prevent a given mai 
from obeying the law of Gravity. Weight AC 
* cordingly depends on the mass, but * Gravity 
* has No Webs at all upon it. 
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Hence it may be naturally cone tuded, that bodies the 


weigh more than others; because the weight being 


From what is here said, I h hiv; with? 
« of carefully didtinguihing between the effet orf 
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| Give me the ways of wandering stars to know, 
The depths of heav'n above and earth below z 
Teach me the various labours ef the moon, 
; Ad whagos proceed th odlipyys of the Bum. | 
| ne. GEORG, 1. 


| 
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7 1 DOUBT not "K several 04 you, my young 
friends, will heartily join in Virgil's petition above 
cited: and though you perhaps may never have 
either leisure or opportunity enough to acquire a 
very great astronomical knowledge; yet I can as 
sure you it is no difficult matter to attain sueh an, 
| acquaintance with the science, as to understand the 
reazon of Eclipses of the zun and moon. | 
Vou will observe then, that an Zeligse of the | 
Moon, is a priyation of the light of the Moon, oc- Wit 
casioned by an interposition of the body of. the earth 
las she revolves in her orbit) directly between the 
sun and moon; by which mean, the Sun's rays are 
so intercepted-that they cannot illuminate N . 
then 


1 * | — e 


— . Moon ie all o'er bloody 10 248 
D 5 1 7 


* Sting ve 
tis at the ths of full Moon that lunar eclipse 
happen; because it is only then that the earth 1s he- 
tween the Sun and Moon: .neither do they happen 


the earth and Moon were coincident)” because because of 
the obliquity of the Moon's path with respect to 


t the intersection of those two paths, called che 
Moon's nodes; or at least, on those full Moons 
hich happen but a little distance from the nodes. 
The chief circumstances in lunar eclipses, us bey 
are given by the here Dr. F in bi maths- 
al and philosophical dictionary, are as follow: 
1. All lunar eclipses are universal, or visible i, 
parts of the earth which haye the, Moon abore 
e horizon; and are every where of the tame mag 


on 


w 3 8 


nar eclipses, the eastern eide is, what. fit im, 
nerges and emerges again; i. e. the left aide of e 
oon as we look toward her, from the north;; for; 


he proper motion of the Moon being swifter than; 
it of the earth's «hadow, the Moon approaches 


from the west, overtakes it and passes through it 
ith the Moon's east side foremost, leaving the 
adow behind, or to the westward. — 3. Total 
lipses, and those of the longest duration, happen 
the ver nodea ef dhe Kid, e 


4 
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the earth's ; but only in such full Moons as happen 


tude with the same beginning and end.—2. In all, 


exery full Moon (as they would do if che orbits of - 


68d LESSON” u. 
tion of the erte attinkive thee! 
Moon, is consfderably liter thith'HEP disc: There 
may however be total eclipses within a small dis- 
tncs Uf e nodes; but their durutlbm it che the 
as” Gy are lter Röm thelu; tim mey di 
only Partiat'ones,” at at lat, Hon at 4h . "The 
Moot, evett%in'the middle of in eclißbe; has ubuatly 
a fahit apbedrünte of light, recttibling* rartithat 
copper; © wHith” Gussendüs, Riccionk, and Kepler 
attribute to tlie Ighit of the sun; reftactd by the 
elnh' atrhodptiive,” ard 80“ trünsinftteck tülther 
Eastty, sb grows sensibfy paler and dimmbr before 
entering into. me real Sti; wing td a phtnim- 
bia Which sffcunds that sHdtow'to” gome dlistante. 
In addition to these circumstances, sont a8trb- 
nomers observe, and it is here added,” that no et Hp 
or the mod cati lat abthvwe 31 Hours,” froth the 
Mödtrs fret touting” the earth's peitumbhraf to itt 
Mt Kaviüg ir: but ah eckhse of the Mean, by tie 
ebrth shadow, perhaps abo ben 
not ven Hl}; above 14 Heurb. 
| Au ectiphd"of He Fun. is art des r drr 
ing of tit Sit r Dody frdih ont sight, dcchbibngt 
bF an iitefpoatibry of the Moi between the earth 
enen“ 110 S117 r il 2" 1 20 


51h 2 Mg N 
eee tas: Gn tan.” 
jj OO ft ge Browne Ae heed | 


"1646-1 veveral combidertd and Cale Uh ee 


of the ad since the light” of the Sun is hid from 
the 


M1L TOW. 
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the earth by the Moon, whose shadow involves a 
part of the. earth. Ihe manner of a, solar eclipse 
may be conceived, by imagining a- mall part noat 
the vertex of the Moon's chnical zhadow; travelling | 
over à part of the. earth's surface, -und making a 
complete eclipse to all the inhabitants residing within 
that track; but no where elee;- for, in the large 
space around, within the limits of the fainter thade 
called the penumbra, the eclipse will only be partial. 
It will not- be difficult to understand that oe 
eclipses can only happen about the time of ne 
Moon, when the Moon is in conjunction with: the - 
Sun. In the nodes, when the Moon has no viable 
latitude, the eclipses are total: out of the nodes, 
but near them, the eclipses are partial the limit 
are about 17 degrees on each ide the nodes: but 
there is also much depending upon the Moon's 
latitude, for it must in these cases be away les 
than the apparent semidiameters of che Sun and il 
Moon added together. 
bs cls nee A 
by the very ingenious author befarementioned in 
this Lesson, are, I. That none of them are uni- 
versal ; that ig, none of then are ssen chroughout 
the whole hemisphere which che Sun s chen above: 
the Moon's disc being much too little, and much 
too near the earth to hide the gun from the whole 
disc of the earth. - Commonly the Moon's dark sha- 
dow covers only a spot on the earth's wirflce about 
en n, 
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and the Moon's least. But her partial shadow, ty 
penumbra, may then cover a circular space of 4900 
miles in diameter, within which he Sun is more 
or less eclipsed as the places are nearer to or far. 
ther from the center of the penumbra. In this case 
the axis of the shade passes through the center of 
the earth, or the new Moon happens exactly in the 
node, and then it is evident that the section of the 
tchadow is circular; but in every other case the co- 
nical shadow is cut obliquely by the surface of the 
earth, and the section will be an oval, and very 
4-0 nearly a true ellipsis.—2. Nor does the eclipse ap- 
5 pear the same in all parts of the earth, where it 
is seen; but when in one place it is total, in another 
it is only partial. Farther, when the Moon appears 
much less than the Sun, as is chiefly the case when 
che is in Apoge and he in Perige *; the vertex of 
the lunar shadow is then too short to teach the 
- earth, and though che be in a central conjunction 
weich the Sun, is yet not large enough to cover his 
whole disc, but lets his ring appear as a lucid ring 
or bracelet, and $0 causes an annular eclipse.—3. 
A solar eclipse does not happen at the same time in 
all places where it is geen; but appears more early 
to the western parts, and later to the eastern; as 
| the motion of the Moon, and consequently of her 
ts rl is from west to east —4. In most solar 


» 1 is that place in which the tun or a planet primary of 
$ cecondary, is at its greatest distance from the earth: Perige is 
when either of thee is at its nearest possible distance from us, 


brssοo we * 


which is attributed to the reflection. of the light 
from the illuminated part of the earth.--Laatly, in 
total eclipses of the Sun, the Moon's limb is seen 
$urrounded by a a pale circle of light; which some 
astronomers consider as an indication of an atmos- 
phere of the Sun, because it has been observed to 
move equally with the Sun and not with the Moon. 
In addition to these circumstances we may ob- 
serve, that though @ solar eclipse may last from 
beginning to end (at one place on the earth) more 
than two hours; yet the duration of total darkness 


can never in the greatest eclipse, be more than 4 
minutes, and very commonly not more than 2, 

We may also observe, with regard to eclipses of 

both luminaries, that in general, as many eclipses 
happen of the Sun as of the Moon: but in any par- 
ticular place there are more eclipses of the Moon 
than of the Sun. Again, that though in lunar 
eclipses the eastern side is first eclipsed, and the 
eclipse ends on the western side; yet in solar eclipses, 
the western side is first eclipsed, and ends on the 
eastern. 
As to the number of eclipses both solar and lunar, 
it may be observed that there cannot in any year 
be less than two, nor more than seven; the most 
usual number is four, and it is very seldom that 
there are more than six. 


quently undergo eclipses and occultations; but as 
p | these 


| 


eclipses the Moon's dic is covered with a faint bghe; 4 


The satellites of some of the superior planets fre- 4 


08 k8SSON XI, 
these are unobservable by: the naked tye, it wi 
not agree with my design to say more about thein. 
Some of the. fixed stärs, Aldebaran for ittatice; i; 
frequently Hidden betuad the- Mon; Jupiter also 
undergbes occultations of this kind : but of chese the 
bare mentioning ma safe. dc 
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| For mat cnt Ward behind th vs N oh 
„What arm Almighty, put chere whoeling globes - | 
In motion, and wound up the wt machine? | / "BW 
© Who ropngled. in hie pales theep apgcious.onds? = 
Who bowl'd them flaming;tþro' Qs dark ra, 
And get the bosom of qld night on fire??? 
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Nature's Penn author, guide, and 94 'rounge 


Wuxx you, my young friends, consider de un. b 
wieldy size of those celestial bodies on which we e 
have already descanted, and reflect upon the astumiah - 
ing rapidity of some of their motions; surely; your 
must entertain very high ideas of the GREAT! POWER 
which first launched them in the illimitable aid, aud. 
causes their motions to continue through aha flux af 
30 many thousand years; none hawing yet raivtaken: = 
their way, or wandered from aheir destined paths 
—on the contrary; their rotations atill proceed am | 
such exquisite regularity and harmony as is beat | 
| res the perfection.of the whole. What 


power, 


9 = 
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« power, andadorable g is here displayed But 
our reflections on the heavens must be carried in- 
finitely farther than we have yet extended them. 
The gems in the brilliant canopy which remain to 
be contemplated, are the fired. stars; which are 
chiefly distinguished, as was suggested in the second 
Lesson, from their never changing their relative ai. 
tuation with regard to each other. 
The heavens are divided into three regions, called 
the Northern and Southern hemispheres, and the 
Zodiac, The Fixed Stars were clagsed by the an- 
cients under the outlines of certain figures of birds, 
beasts, fishes and other animals; and these were 
called Constellations. The number of which is, in 
the northern hemisphere 36, in the southern 32, 
and in the zodiac 12. Stars not comprehended in 
any of these ancient constellations, are called Un- 
formed Stars; and others, of a cloudy appearance, 
are called Nebulz. Of this number are the magel- 
lanic clouds near the south pole, which resemble two 
whitish spots in the heavens, and ary wall LOO 
to sailors. 

The last star in the n ada 
Less Bear, is called the Polar Star, and serves 
for a guide to mariners; because, on account of it 
nearness to the north pole, its apparent situation, 

- with regard to the earth, varies but very little 
throughout the period of the earth's annual revo- 
lution. Two of the stars in the constellation of. 
Urea e or the Greater Bear, are called the: 

| Pounters, 
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omters, dene they always point very nearly to 
e polar star. « y 
Those of the ined s which ann ee as | 
em largest, and are therefore taid to-be of the fit 


agnitude; those of the second magnitude, being at 
greater distance, seem less; and thus they proceed 
regular gradations unto the sixth- magnitude, 
ich includes all the rest of the fixed stars that are | 
ible without a telescope. - With regard to their 
mber, a common observer might be led. to aup- 
se that even to the unassisted eye they are innu- 
rable; but this arises from their being observed in 
onfered manners-to any dee 0 
are divided into proper classes, and reckoned ö 
those in the visible hemisphere seen without ͤW 
scope, amount not to many more than a thousand. 
ince the introduction of telescopes into astrono- 
i observations, the number of fixed stars has 
n very justly considered as immense; for, to the 
ter perfection our glasses are carried the more 
rs we discover. The astonishingly immense dis- 
e of the fixed stars from one another, and from 
earth we inhabit, is one of the most proper con- 
rations for elevating our ideas of the works of 
DD. Astronomers have computed from indu- 
able principles that the distance of Sirius or 
dog star (which is the nearest fixed star) from 
is considerably more than two millions of mil- KN 
of miles! A distance almost inconceivable! 
9 WY 
400 


7 


4 | bessoh x. ft 
400 mites in en hour co not reach us is 7008 


years! ! 

e ee ene eee eee 5 
gun, cannot possibly e eee 
light as hey ahine wich: heuce on mature 
tion it vun appear chat they chine wich their e 
native hare; in bke manner wih the gun; 
cince- each star is confined to a jartigulkr part 
. of park tn Me ts 
faped otar id in reality a a.. 
e ee eee, 
whose actions all n eee 
does nothing in vain, chauld create a many gh 
auns for no Other grpore:than-to ad 40 dur pi 
nem n 6 


en i eee . 

unmente distance would perfectly cxclude them from our v 
if che light they. gent us were not of che solar Kind. Besides 
analogy may be traced much farther. The up turns on its a 
so does the star Algol : 10 do the stars called g Lyra, 
» Antinol, o Ceti, and many mort; most 1 
what other cause can we $0 probably acoount for cheir 
changes? Again, our gn has spots on ita surface ;' 0 has ths 
Algel; and go have the atart already une and probably 
uur in the heaven, On our aun tbete apt are changeabls 
they ae on the star o Ceti; as evidently appears from thei 
- Svlarity of its changeable lustre, which is oſten broken in 
by accidental changes, while the general pe1iod continues 
tered. The same little deviations have been observed in 
eee neee 
— 
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>5e who are so fond of arrogating diniug fayqury 
themselves have but a mean opinion of, infinite by 

om; gince, by a considerably less, degree . of 
ating power, our earth would have received, much 
e light from only one additional moon. 


*#17 28 


4 canst thou think, poor worm, these ober light," 
size immense, in number infinite, be ce 
ere made for thee alone, to twinkle to thy sight? 
umptuous mortal! can thy nerves descryj, 
pw far from thee they roll, from thes how high? 
ith all thy boasted knowledge cance thou * 12 
eir various beauty, order, harmony? N 4 8 2 . 
—— ue.. 
| OL EITTY " BAKE, " 
r ; 25;Beatnt 2m 1 4 * | Pay 
tead then of out. and one world gply in, 
universe, as the unskilful suppose, our con- 
lations induce us to acknowledge that there 
t be an inconceivable number of suus and of 


ns of planets, revolving round them, dispersed, 
ugh the infinitely. wide expanse of boundlezs 

e: insomuch that were our sun with all the, i 
ets revolving about it, annihilated, they wouly, 


ho more missed by an eye that could. ale in 
whole creation, enen from the: 


e 07 4197 et 3394 

« Our single has in est nate 
© When balanc'd with che heav'ns: greater the speck 
* Which on the 8un-beam dances, when.compat' 'd » 
© With Tavrus, or the Alpe, or Caucasus: " 
Or on the blade the dew-drop to the 52a.” - 
E . 
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nnn -jo1 
of our on inferiority: who che « 
„ opiate ears 
"Rv OAT 
As there's 4 general analogy running ti 

and connecting every part of the creation, into, 
grand whole; and as there is, and 
solute similarity between the earth v we inhabit 

- * the other planets in our system! can it be 
denable to oeppoiie Tuur (hay r 
&c. ds we have? Or ds it repugnant to nature 
imagine that they are inhabited ng 
tional creatures? Among numberless argume 
which might be adduced, a very good'oge tl 

| the great probability of the planets being ir 
bs derived from the following consideration. 
is no part of matter that we are acquainted 

| which lies waste and useless: seas, lakes and ri 
teem with living creatures; mountains addl val 
trees and herbs ; grasses and the animals which 
upon them; nay, even the blood and humos 
the animals themselves, all have their 
mabitants: . 
bodies in the universe, are furnished wiel be 
adapted to their several situations. What, an 
gust conception does this give of che works of 
CREATOR] Almost more than, the human in 
nation is able to conceive. Millions of guns at! 
mense distances from each other; attended'by 


LESSON XV," ww 
millions of worlds" moving round chem alt in 
jd motion, yet regular aud calfb: and these, w- 


—— Hail! s0urce of being! tmiverzal sol! 
Of heaven and cart exdthtia] prevofith hall! 
To Txzx I dend the kn to ee -e 

Continual climb, who wich a master - hand ** 


. 0 
f 25 a 


zen an —— ndnd of bodies of 

rmous bulk, are all set in motion; und keep 

uteous regularity and order, by means of the at- 

ion of the zun to which they respectively be- 

directed into other comes : how can we ex- 

s our coticeptions of the greatner, wiadom, 

poten of HON uh ORE OY | 

dle r 

By che word of the Lonp were the heavens 

ade, and all the host of theth by the Wrath of _ 
mouth,” (David.) What an amazing in- 7 4 6 

e of omnipotence How inconceivably great | 14 iF 

ese his marvellous- * 


an, | \ | 
— nh 1p nnd bb, ye 
o tell us he rezides above them all, DBA Ts 
" glory's bnapproddiadle vf 1 ene. 
1 E 2 7 how 
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how can we forbear venting our adoration.in | wr 
of praise? Previous to my closing this Lesson I muy 
therefore insert a hymn indited by inspiration, a 


translated into our language by no less a Gb 
Nn. Addison. WET a 


1 * — — 


/ 


/ HYMN. PSALM Aix. 2 


+ W m de ee en highs 7 te 
"4 With all the blue otherial-sky ;, Dundee 
And vpangled heavens, a shining frame, 

Their great original proclaim: 4 


Th. unwearied fun from day to day, 
eee 1 anf gad 
And publisbes to every land, Ae j you 
The work of an dmighty hands, , | 


th dn a hg 
The moon takes up the worideroustateg* + 
And nightly, to the listening earth, - :/- 11/7 
Repeats the story of her birth; ð 
| While aft the gore, ghar ron bor rhe * 


ne 


And all the planets in their tan, | 
> MK; 6: HOO 


© Confirm the tidings as they roll, 3. 
And e the truth from pole to pole, «+ © | 


* 5 

What though, in «lemn diene, all 

Move round the dark terrestrial ball? 
% n 8. 
Amid their radiant orbs are found:? 
In reason's ear they all rejolce, N Ain i291 de 
And utter forth a glorious voice, | 

For ever singing, as they shine, 
nen ohne re 7 1 


/ 


END or THE eee PART: | 
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ON TRE ATMOSTRHERx. 


Diffosing gently it's enlivening pow'r, 
The genial air we all around us feel bY 
* unexplorod by human eight. T0 


\s we have'now finiched our survey of the heal 
enly bodies, our enquiries will naturally descend to 
e eartli we inhabit: and here the first thing which 


Iuid body, called Air, which surrounds this terra 
cous globe, and covers it to a considerable height 
dr, if we include in our definition the whole of the 
uid-mass consisting of air, electric matter, aqueous 
d other vapours, which surrounds: the earth and 
artakes of all its 'motions: we then make use of 
de word Atmosphere, as a term including the 
hole. Besides the different kinds of air, it N mani- 
zt that the whele, hs, of the atmosphere contains 


ons detable qu of vater, together with an 


vliPor fluid bockes cr hö srfacg of the — 2 
e it it milyanb? inproperly be considered as a chaos 
'E 3 "V4 of * 


racts our attention is, that "thin, transparent, and ' 
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of almost every kind of mer confuxely mingle 


together. 
The uses of the atmosphere e 


great, that it is absolutely necessary, not only to the 
comfort and convenience of mankind, but even to 
the existence of all animal and vegetable life, Ex- 
periments which have been frequently made with 
an instrument called an air pump, place it beyond a 
doubt that without the air or atmosphere, no ani 
mal. could exist, or even be produced; withoyt is 
aid all vegetation would cease; neither would there 
be any great degree of eicher inſlammation or rom- 
bustion; Sound could not be produced withqut it 
nor would there be either rains or des to moi,n 
the ground: in short, all our reflections-.00 the 
atmosphere will tend more cleatly to convince # 
der we continually nd in eee, 
ance of our allwise CREATOR. | ©: 
. hid tf 
receive from the atmogphere, one great advantgt 
is, that while the aun shines, it makes the/ faced 
the heavens appear lucid and bright; in 
contrary, if there were no atmosphere 81 
the earth; only that part of the sky wands app 
light in which the Sun was placed: if, a peril 
| thould turn his back to the Sun, he would died 
perceive it as dark ag night, and the least stars wi 
be seen to ahine, as in a> For | 
that case there would be no abstance to reflect 
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dich dd not fall upon the! erh would be epread. 
t into infinite space, and would never be re- 
ected back to u. But since there is an atmopphexe = 
che earth, which is atrongly illuminated by 
de Sun, it, by its power of reflectiori,/ turas e 
ght towards us, and makes the whole heavens to 
in with. each I 9 RAT e 
the stars invisible in the day - time. 
Þy the rom hs jnmanpints: it: egbeigidc 
ough after the Sun has set, we receive no di- 
et light from the Sun, yet we enjoy its reflected 
id refracted light for some time; 30 that the dark- 
of the night does not come on suddenly (as it 
e For aſter the 
h by revolving on it axis has . withdrawn us 
o ens che Sun; the tee n , 
g part reaches about sixty miles high) will at! 
Uuminated by hae basta 4b M whith 
e 
to it. But as the Earth goes on in itsrevolu-- 
„de Sun ee e e e 
ach the kay Bb ORR EI! 
until the Sun is about eighteen-degrees' below | 


horizon, when he no longer enlighten eee. 
he, ant OR ON RU On 3 


f— 


- * 4 
ann 


eee 


| 


mes within eighteen of the horizon} be? 

ins again to enlighten the atmoephere, and to dif- | 

e bis light over the ky; 50 that its brightness do 
'E'4. ail. 


[ori increuse, till che Sun rises and makes full i 


Crespusculum or Twiliglhl. 


changes their directions, by propagating the k 


of the celestial bodies different from their true plu 


to the comfort of the inhabitants of those forlon 
gions. Farenius relates in his geography, 


teen days before it actually tose above the hot 


* month; which must needs be a very great 


night, and want of seeing the Sun, cannot 
be very tedious and irksome. F 


e of. this lesson, yet [ hall here- rates a 
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This kia of illumination between day and rig 
which is observed in the morning before the! 
rising, and in the evening after nn is al 


Ihe terrestrial atmosphere also cofracts thaw 
which fall upon it from the Sun and Stars, 


'ini other line, and thus making the apparent pb 


This refraction causes the Sun to be visible be 
he has visen above the horizon, and to protrad 
stay with us after he is set in the evening. 
is an admirable contrivance to shorten the long 
dismal nights in the frigid zones, and thus to 


% to those Hollanders who wintered in 
% Zembla, the Sun was visible, in a clear sky, 


« being yet four degrees below it.” And I 
speaking of the same circumstance, says, 
« night in that place shortened no less than a w 


90 fort to all such people as live very far tc 
« the North and South poles, where length 


Though it is rather foreign from the i 
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properties of -refraction, as Au perk we 
to elucidate: what 1 ts abovementioned, with regard to 
the twilight. By manifold experiments we find that 
the rays of a luminous body even of any visible object 
when they fall upon a medium or diaphanous body 
of air or water of a different density from that from 
whence they first proceeded; do not afterwards go 
directly in the same straight lines, but are broken or 
bent, and proceed as though they had been pro- 
pagated from another point. And if the medium on 
which they fall be denser than the first, they are 
bent towards a line perpendicular to the surface - 
whereon' they - fall at the point of incidence; hut if 
it be a rarer medium, in their bending * * 
from the perpendicular. 
We obgerve in nature many effects, of 3 | 
for instance A 8taff; one part of which, is immetsed 
in water, and the other in air, appears broken; and 
that part which is in water appears higher than it 
really is. Again Take a tub, whose sides are 
straight, and in the middle of the bottom lay a shil. 
ling, or any other visible object, fixed 80 that it ean- 
not move, then g 80 far from the tub chat you 287 
can but. just 'seezthe-abjects and stand there till ano- 
ther person fills. more than half the tub with water, 
and the shilling will then appear as; though it were 
removed some distance farther from jou: this ex- 
periment may be varied several ways. | 
- Anather,renkarkable instatice oß refractipny:is \the | 
following: A personstanding by the side pf the river 
PORE at des, pg it is-high water there, 
70 may 


\ 


| 
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may see cattle grazing on the marshy meadow on the 
other zide of the river called the Tale of Dogs; but 
when it is low water there, he cannot see any thing of 
them, they being hid from his view by the bank on 
the other side che river. This curious effect is pro- 
dably owing to the moist and dense vapotirs just 
above the surſace of the water, being raived higher 
or lifted up with the surface of the water at the time 
of high tide; the rays passing throtigh these ya- 
pours are 80 much refracted as to render those thingy 
visible, which are not to be (cen at the time of low 
water. | 

But to return from this (en 2 
weich our account of the air and atmosphere: the 
science which treats of the weight, pressure, and 
elbaticity-of the air is called Pneumatics. And here 
le may be firtt observed, that the air is a fluid body 
which surrobnds and gravitates upon all parts of the 
barth's surface. But it differs from all other fluids 
in' the following particulars: I. It can be. com» 
pressed into a much less space than what it natus 
rally possesses, which no other fluid can; B. It 
varmot be congealed as other fluids can. 8. It is of 
a different deny in every part upward from the 
carth's eurſace; ! deoreasing. in ts weight, bulk for 
bulk, the higher it rises; and therefore must also de- 
crease in density; and the densities decrease in auch 
a manner, that when the heights increase in arith+ 
metical progress ion, the * densities. decrease in geo- 
mettiudl d pobgredsicd 4. It is of an elaatic' 0 
spritig yo nature: and the law. it observes in this 1. 
ra | 25 gpect 


' LPSSON" XVL 08: 0 
zpect is, that the force of the spring is equal to ite 
weight, or the density is always proportional to the 
force by which it is compressed. We may also ob- 
serve that heat increases and cold dininiches” the 
chaticty of the air: eee, 
denses it. 
The weight or preveure;o the tes en 
any base at the surface of the earth, is equal to the 
weight of a column of quicksilver of the tame base 
ind its height between twenty-eight and thirty-orie 
inches: or equal to the weight of a column of water 
of the same base and height between thirty-two and 
thirty-five feet, The first part of this is proved by | 
pbservations on the Barometer, an instrument 
which measures the pressure of the air; ſor the limit. 
of barometrical variation is between twenty- eight 
and thirry-one inches. And the latter part is proved 
dy the sucking pump, which will never raise water 
bighe than thirty-five feet, and. comierimes not 
igher than thirty-two. This variation in the” 
ight of the atmosphere depends in great measure 
a th dfret degrees of ht in the ar near de 
e of the earth; but; perhaps it depends in a 
— greater degree, on the commotions and 
enges in enn from wind,. vapours, {71 
d other eau e. 1 
From M. c Hh cls e 
tmospliere, it will not be difficult to deduce, that, 
t 2 medium there is a ptessure equal to. 
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84 LESSON XVI. 
and this entirely arises from its weight and fluidity, 
By the combination of these two qualities, which 
bind down all bodies on the earth with such gren 
force, many wonderful. effects are produced: m 
this which prevents the arterial vessels of 'animah 
and plants from being too much distended by the 
impetus of the, circulating juices, or by the elasti 
force of the air so copiously abounding in them: i 
is this also which hinders the fluids from transpiring 
in toa great a degree through the pores of their con- 
taining, vessels, which nvould othemvise destroy ie 
animal by à debility+ gradyally. brought on: to di 
are also owing many natural phænomena by far tu 
numerous to be mentioned in this place. 
Another property of air, andwhich indeed is its chi 
criterion, is its elasticity or springiness: it is by virtue i 
this quality, that it dyatey, itself, aſter the removal 
ay, pressure; or COMracÞBitzelf into a leas space het 
it has to. sustain a greater pressure. A familiar in 
stance of this quality you may oſten have observel; 
namely by having a fresh bladder filled with ait; * 
when $queezed in the hand the air makes a 60. 
sible' resistance, but when the band is taken aw, 


che parts which were, compressed, n rome 
themselves to their former state. 


I have before obgerved that the air presses 004 
square inch with the weight of 151bs, on a medium; 
now if we SUPPOSE the surface of a full-sized: hunus 
body to be ten Square feet, which i is not too pe 
we shall find, {a 3t jp the nature of the air 40. 


a 2 2 qu 
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zually in all directions), that a man who probably 
upposes he bears no weight, sustains a pressure of 
10 less than 21600lbs. When we consider that the 
greater part of us are surrounded with such an asto- 
ihing pressure, and that this pressure may in the 
ourse of a very few hHouts. be either increased or 
iminished by more than a thousand pounds weight; 

re we never led to reflect upon that Power who 
ceps us from utter destruction ? Let the A 
onsider what be has to expect, for his W a 
enial of 50 wise and mighty a Being er 
Another remarkable property of ain, which night 
fill our hearts with«thankfulness to the adorable 
REATOR, is its transpareney: let us recollect in 
hat a dreary and disconsolate situation we should 

e if the air were visible. What would then be 
e use of that noble instrument the eye? Or how 
ould we discern those diversified and varieguted 
ospects of distant towns, green woody flowery 
eadows, fields of corn, &c/ which now so oſten 
ve us pleasure? Alas] how diamal and gloomy 
ould be the reverse Surely our hearts'must over 

bw with gratitude to the Drvins AvTHOR of our | | 
xistence, for such unboknded goodnes ts un hi. 11 
eatures | 
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; To human good employ their powerful forces, 
| The loadeff chips across the ocean fand = 
| By eroady gles, opread commerce through the lane" 
These you observe—but have you ne desire eig 
The hidden spring of such effects ture ??: 
Or, when contending winds aroumd you blow, | 
Do you ne'er wich the cause of them to know? | 


. | | - „ c 
Hrrazzrto: cur reflections have carried us wy 
farther than to consider the air in æ motionless state; 
but as this fluid mass is frequently in motion, and 
that too, sometimes, in a violent degree, it would be 
almost unpardonable to pass by such an obvious 
effect without paying some attention to it. 
Air in a current-like motion is known \by-tht 
name of Mind: though the winds in a teraperati 
zone of the earth are very inconstant and change 
able, yet this is not the case in every part of the ta 
restrial globe; for in the torrid zone and some ots 
parts, the winds are generally' very uniform 
constant in their direction, as will appear fro | 
VIE en thereto : 


. on 
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1. Over the Atlantic and-Pacific oceans, particu», 
ly between thirty degrees of North and thirty des 
. of South l thei Tae an they 
e called, blow -uniformly from cast to west, all 
SD POLAR: 
nt seasons. 
2. When Mes e dhe Trode- 
inds in sailing northward, veer more and mare 
om the east towards the north; 80 that about their 
nit they become nearly north - east: and vice vers 
th- east. 3. When the zun is near the Tropic 
Cancer, the Trade- winds north of the equator, 
se south of the equatgr more nearly south; and 
e versa, when the gun is near the Tropic of Ca- 
em. 4. The Trade- winds are not due east upon 
Sn i 
i. | 
Rt; for * eee ee | 


Juiry uiry; baving employed the pens-of Several very 
ner philoonglbing:s ee ee ee N 
1s have seen, there is hong in my opinion more 
cable to nature than one given by Mr. John 
r mh Meteorological 
end Exapys” lately publiahed: the 


KiK EEE 


* OT mg» nt eil 
C 4 Ty 74 eo! „ >, . The 
% + | 1 


most curious and important, though mysterious 


4 of rexonng api he ae a. 


The inequality of Heat in the different climay 
and places, and the earth's: rotation on its 2 
appears to be the principal causes of all ary 
gular and irregular; Tt may be observed, that w 
evet the heat is greatest, there the / air will: 
and a supply of colder air will be received i 
the neighbouring parts: it will be willingly'alloy 
that the heat is at all times greatest in the torrid 2 
and decreases gradually in proceeding; northward, 
southward ; also that the poles may at all times 
eonſidered as the centres of cold. Hence it re; 
ably follows, that abstracting from i 
cumstances, there will be 8 constant 
over the torrid zone, which air will afterward 
northward and southward;' whilst! the - colder 
| below cerca edge -,, 
' the!equator?'- '- ts A- SE! Yoo! WH Wii | 
When the Hes of us earth's, Wesling. 
into consideration, our reasoning must be as 
lows: the air over any part of the earth ' curf 
when apparently ata rest or calm, will, have 
same rotatory velocity as that part; but if a 
tity-of air in the northern hemisphore, receiſ 
impulse in the direction of th ,meridian, e 
northward or southward, its 'rotatory velocity "YN 
be greater in the former case, and-lesd in the 

chan that of the air into  whictirix mes f þ 
; vequently, dif-it move northward; it will h 
greater velocity cagpvard thaw trait, or surf trop 
mla earth over which it moves, and will then 


, * 
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become u boythwent ee between the 
south and West. And vice vers, if it move south- 
ward, it becomes a northeast wind. From similal 
considerations it will appear, that in the southern 
hemisphere the winds will be north-west oh * 
east respectively. 
The — may e be nada 
thus: the two general masses of air proceeding from 
both hemispheres towards the equator, as they ad- 
vance are constantly deflected more and more to- 
wards the east, by reason of the earth's rotation; 
that from the southern hemisphere originally a south 
wind, is made to veer more and more towards the 
east; in like manner, that from the northern hemig- 
phere is made to change its djrectians- from the 
north towards the east: these two masses meeting 
near the equator, their velocities south and north 
Nestroy each other, and they proceed afterwards 
vith their common velocity from east to west 
round the torrid zone, excepting the irregularities 
produced by the continent. The equator is not ia 
reality the place of concourse, but the northern ꝓa- 
alle] of four degrees; because the centre of heat is 
thereabouts, the sun being longer on the north side 
of the equator, than on the south side. Moreover, 
vhen the sun is near one of che tropics, the centre 
of heat upon the earth's surface is then nearet chat 
ropic than usual, and therefore the winds about the 
tropic are more; nearly, east «at that time, and, those 
out the other, tropic more nearly north and south. 
18 1 
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If all the terrestrial globe were covered with wate, 
or, if the variations of the earth's -ourface in hea 
were regular and-constant, so that the heat was the 
same in every part of the same parallel of latitude, 
the winds would then be very nearly regular abo: 
but this is not the case; for we findrthe/irregdlaniie 
of heat, arising from the interspersion of land and 
sea, are such, that though all the parts of the at. 
mosphere in some measure conspire to produce n. 
gular winds about the torrid zone, yet very 'striking 
irregularities are often found to take place. A 1. 
markable instance we have in Monsoons, which ut 
winds chat in the Indian ocean, &c. blow for ai 
months together one way, and the next six months 
the contrary way: these with sea and land breeze 
don't seem We OTC 
principle than that of rarefaction. 
Dr 
the winds in the northern temperate zone chould be 
derween the north and east towards the poles, a 
almost as regular as the Trade-winds : but whed 
the change of seasons, the different capacities of lui 
of the two general currents be considered, it might 
de concluded almost next to impossible that the 
winds in the temperate zone should exhibit any 
ching like regularity : however notwithstanding this 
observations sufficientiy evince, that the wind 


| thergin are, for the most part, in the e 


of the „ a somewhere 
ven the south and went, or more commonly be- 
che north.and eat: ad bat wands: iy, other 
| ded wat / 

| e,, IT 
4s, particularly stormy ones, are attended with a 
udy sky: to this it may be added, that we have 
Te winds than usually occur in rather less lati= 
les, where the atmosphere is generally more se- 
te: these considered make it. exceedingly probable, 
t the aqueous, Tapours which are sustained by 
air, from whence come clouds and rains, may 
1 of water when evaporated will fill more” than 
00 inches of space: from hence it appears that 
water which falls in drops of rain, &c. pos- 


SLEESS IS EE EESSSRT 


ated in the atmoephere in vapours; the conden- 

ion thereof must therefore occasion vacua of suck 
nature, as will cause winds of different kinds and 
en an Neyo: 9-6 

pplied. | 
The economy of winds, an illustration of which. 
5 been here attempted, is admirably adapted to the 

10L purposes of nature, and to the general in- 
roourse of mankind :—if the earth had been fixed, 
"1 the aun had revolved about it, the air over the 
rid Zonc, and particularly about the equator, | 


| 1 
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would have been almost always stagnant; a 
- the other ones the winds would have hal litt 
riation either in direction or strength; in-thi 
navigation would have been greatly impeded, 
communication between the two hemisphere 
sea, rendered impracticable. On the present 
of things, however, the irregularity of winds ö 
che happiest corisequence by being subservi 
navigation; and à general circulation of air « 
stantly takes place between the eastern and v 
hemispheres, as well as between the 11 
equatorial regions; by reason of which, 
diffusion and intermixture of the 1 
fluids, 80 necessary for the life, health; and 
ityiof the · animal and vrgetable xi 
plished: such is che -transcendant wisdom and 
_ Nidential-care of the deneficent FaTHER or 
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\NOTHER peculiar motion of the air remains 
to be considered, which- i Mf by Helis" of 
ich $0unds are rendered audible br scrlsfble to C 
ler all their different affections and ciccumstanges,. 
the philosophy of, sounds Music is undoubtedly, 
essential and most refined past; and we nd. 
it people in general are exceedingly:ſond-· of mtr» 
al sounds, being thereby affect ill "bible" 
reeable and Tabiabing "bensations. 4 is' my 1 pro 
ce in this de ta 0 


Place” tg give, no more of che. Sciencg, 
Music than, what x6lates.;to the production of, 
sical sounds, and: indeed of Sounds inigeneraly. | 
— I hall nnn n 0641 2 ni n 


| ( ' 174 Fore rn Wen au 4157 rate or 
Though it be ment org nee, 
r discussion, yet I cannot pgss by an opportunity of, 8uggeat- / 
an obvious improvement. in the practice of Music; dhe ue 
hich has been frequently urged, though. it be nt yet ge- 
9 | WEI 20 t 
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Experiments on the, air-pamp. -prove to us that 
without the assistance of air, sounds cannot be pro 


duced; they also cvince..that the nature of sound 
depends entirely upon a certain motion of the par 
ticles of air. This mniofiow-is @/palaive or vibraton 
one, carrying the particles thereof forward u 


rally acceded to. This improvement is. no pther than the mk. 
stitution of proper characters to, denote. the different kinds af 
velocities of mucica/ tine, inſtead of those vague, indefinite ongy 
which are how in uw. What is the information we ean 
from casting our eyes upon the-eharacters 2, 4, 4; $, &c.? Wy 
truly, no more that can be learned from reckoning up the Crotchay 
Minime, Quavers, s. in the first complete bar in the tune Ti 
characters for the'several rates of common time; and the te 
Adagio, Largo, Allegro, Presto, be, Cc. are also of very lM 
avail in ascertaining with precision che point the Musician wid 
to dicover. Every composer of ruical airs, &c; would be 
real service to the practitioner, if he would point out the absolutl 
rate at which hls mose is to bo performed this would bet 
difficult tadk; as he would only have to mention the Jength d 
pendulum which would make one complete vibration in the 
| that part of s bar called a beat was performing - Thus, for i. 
ee, vuppose I vet a tune in triple time, and wich to baſe al 
bar performet in a second and a half, the character I must null 
wit of Is 3, ; for from this it 'might' be wonehudsd, 
were three -beats in \a bar; and each of theve beats must be 
To explain this method clearly, much more room is 
det this wotl# not be a/proper place ſor it however, those 
understand what improvement is intended, from this short 
count; will, 1- hope, ene OTTER 
„ e arc gag Wh crunch. ant! als 
Y 2 | i acbb 


ackward through the very same space: and it re · 


of the air. It is by meum of this power that, when 
y one partiele is by any cause urged forward, it 
ust necessarily propel-the- particle next before it ;. 
is second particle, in the same manner, moves a 
ird, and so on, suecessively: and by these means. 
Wir, through 4 certain space in a direction forward: 
on the other hand, when the force which 


cages to act, those particles return again, by the 
ion of the air s elastixity through the same space. 
is evident that if the producing force be on- 
nued on these elastic particles, there must neces- 
on of each particle, 80 long as the repercusive 


dc e continues to act: and this motion of the atrial. 
s being continued until it reaches the ear, cho 


lapted to the purpose, convey the sensation to the 
wn; and ON amen of, 


The waved i des ab ee 
oduce sound, though brought about by two Aif- 
rent causes, gravity and elasticity, are yet some-- 
hat similar: if a s1cind ho dropped into the water, 
will cause waves to be propagated in a circular: 


ction upon the water's curface all round the point 
where 


| 
J 


krssõο WW w. 


ults from, or depends upon, the epriug or elasticity 


frat imprest upon che clantie particles of air - 


Tues produced in them a mutual vibratory mo- 


terent parts, NerVes, &. belonging to and cone: 
guous to the organ of hearing, being enquisitely 
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here the stone was dropped in; 2 
tte motion of a sounding body is propagated are 
it in regular gradations: but the aqueous waves dif 
from the atrial pulses in this, that the former are u 
a circular form, being generated on a-plane-#urface 
but the latter are of a spherical form, because the 
are produced in the bod: / of an elastic fluid. 
The kind of motion which produbes sound, 
be understood to be that which is brought tout 
means of the elastic patts of which"sonorons bod 
consist; for without such an elastie disposition: 
parts they could not by any mean be, rendeteꝶ to 
norous, or capable of emitting sounds 
the stroke: being made excrertallyjruffeorebi f. 
ticles of such a body but with-one zingle act; t 
particles of the body could therefore; in such à ca 
be moved only through a certain small space, 
would there be made to stop by the resistance 
che parts beyond: thus without an elastic force ic 
partieles would remain at rest, after: the 7 
body Was removed; and therefore, Makin 
stroke the parts of unelastic bodies' could emit 
a kind of blunt, short sound: in such ces i. 
common to say we hear the stroke, as when 
strike with a hammer on a piece: of lead. 
-But when we oonsider the stroke. 'imprewed 
bodies whose parts are in any cönsiderable deg 
elastic, they not only yield to the stroke and 
forward through a small space, but, after the 8 
ing body is removed, chase elastic parts, byt 


. 
plan 
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tent force, return again with a velocity equal to 
by which they were duplaced: and thus a vi: 
zory motion being produced, will continue 2 
zible time, and produce guecestive impulecs og | 
contiguous air; hence, the air being thus agi- - 
oy mec elastic particles of the body, transmits 
pulses successively to the e and there produces 

ensation of sound of some duration. Thu 
nzst sonorous bodies, we notice a wire when 
tched and properly «truck ; also à bell and a 
ss, which are some of the fittest instruments far 
ical modulations. Much more might be said op 
causes of sounds in general, but for a-general 
„ what has been already mentioned may sufice. 
To determine the nature and effect of different 
ies in conducting sound, Mr, George Saunders - 
de a variety of experimeats- come pt his amy. 
cos rnd re OE | 
þ may bs el eee 1 
with respect to sound. Being very porous, 
orbs sound, which is counteracted by its pro- 
y of conducting it, and occasions it to pass on 
plane, in an equal proportion to its progress in 
unencumbered by any body. If a sound be 
hciently intense to impress the earth in its we- 
lous quality, it will be carried tu a conaiderahle 
ance, as when the grdh is struck with any bing 
d, as by horses feet, or the motion of à carriage. \ 
r 
B as it is more compact. 

FT 
mA 


Clowes 


% . the gallery of a chapel or-theatre) considerably y 
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' Clothes: of every kind, but particularly 
ones, are very prejudicial to sound: their abs 
tion of sound, ee ee ee 
of water, which they greedily imbibe. 

A number of people seated before others, (x 


= 


vent the voice reaching those behin; and hence 
is that we hear so much better in the front of 
galleries, than behind others. Our seats, rising 
little above each other, occasion this defect, 'whi 
would be remedied, could we have the seats ton 
their whole pe above teat: —_— 
<ient theatres. - | 

Water has bees little noficed with ind 
- conqucting of sound; but it has been lately i 
to conduct sound more than any other body wi 
ever. A conversation delivered in no very l 
tone, has been distinctly heard, on water, at 
distance of a mile; and a whisper has been heut. 
the distance of more than two hundred yards. 

Stone is 80norous, but gives'a harsh disagrec 
tone, unfavourable to music. Brick, in respect quic 
sound, has nearly the same properties as stone | 

Wood is sonorous, conductive and vibrative; o 
all materials it produces a tone the most agree $01 
and melodious; and it is, therefore, the fittesP"«. 
musical LMI and for lining of 'rooms 


- theatres, ning 
Paint has pls generally thought national aver 
gound, from its being so to musical instrume 1 


: 
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hose effects it entirely destroys. Musical instru- 
ents mostly depend on the vibrative or tremulous 
operty of the material, which a body of colour 
irdened in oil must very much alter: but we should 
tinguish that this regards the formation of sound, 
hich may not altogether-be de ce in the pro- 
ess of it. 

A remarkable circumstance in the nature of sounds, 
hich well deserves the attention of my young readers, 
that every substance whatever, whose parts are 80 
e aected as to be capable of an uniform vibration, 
y have that vibration produced in it by the sound 
g of a certain musical note or tone, with which ĩt is 
unison. Thus Archer speaks of a large stone that 
ould tremble at the sound of one particular organ 
pe. Mr. Boyle states the fact of seats trembling 
the sound of organs; he tells us also, that he has 
t his hat to shake under his hand at certain notes, 
th of organs and other instruments; and, he was 
d by an experienced builder, that any well built 
ult will answer some determinate note. Even 
uids, when, so suspended as to be capable of vi- 
tion, (for example, water in a glass) are obgerved, | 
vt only to vibrate when a particular note is'atrack. | 
sounded, but actually sound themselves, in con- 11 oh 
rd. That water suspended in a glass becomes in 
lity a 80norous body, is proved by the mode of = . 
ning a set of ical glasses, which become the \ 
aver in tone, the more water is poured into them; 
, were it only the, empty part of «the: glass that 
FP ne... sounded, 
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r 


| maniifest, that when the producing cause of 


car; and indeed this may often have been-manike 


Some time has elapsed previous to our hearing 
report: or again, when a woodman has been fe 


nor 80 accurate as could be wished ; and en thi 
count it is, that gpinions differ concerning the 
«ture of its progressive motion: because tlie intens 
BY 4 


rectly as the distance: but an opinion which 
ich more advorates 1s, that sound moves uni Vu 


dee, eee . | 


glass together form one compound sonorom 
Saves, which tho gunner e , ol 
the deeper is its musical tone. 

From what has been already stated, it will a 


sound is at a distance, there must be an interui 
time elapse before the sound itself can arrive 


40 us by our own observations. I hus for ir 
when 2 gun has eee 
have taken notice that aſter we have seen the f | 


trees at a distance, we may have observed that 
interval of time passes away after we have geen 
action performed before we hear the stroke. 1 
* experiments which have been made to determine 
velocity of sound, have neither been 80 fiun 


persons suppose that the velocity does ao; 
therefore imagine that the velocity is inverse) 
the distance, and, consequently, the time will be 
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the rate of 1142 feet in 1 necoud-of time; of 
ut an English mile in 43 seconds; and this rate 
motion being allowed, it will not be any way 
icult to determine the time for the passage of 
ind, the nene, and] wore pore,” wn: 
ariety of cases. | 

\ curious phenomenon. with regard to counds, 
n echo, which is caused by the vibrating air be- 
hindered in its pasbage. For, as the air undulates 
ward like a. wave, it often meets- with various 
ects, and by striking against them is reflected. 
to us, and causes new vibrations, which (i,; 
object lie in a proper situation) return to us and 

eat the same sound, tone, or word, as was first 
en; and this, it sometimes happens, n 
e but several times. a 
rom this short account of the-natuve of echoes. 

will not be difficult to conceive that they ales 
y be applied to the measuring of inaccessible dis- 
ces: thus, Di. tas, rang pe OT, 

the Thames opposite to Woolwich, | observed 

t the echo of a single sound was reflected back 

any the opposite bank in 3 seconds; . 
equently the sum of the direct and reflex rays | | 
ast have been 1142 multiplied into 3, or 3426 | 

„ and the half of it, viz. 1713 feet, the breadth W 

the river in that place. | 44 
But to treat upon the nature of sounds in such a N. 
anner as the importance of the subject demands 
uld fill a volume, lan 

1 from 


1 * 


inference: that even in the nature and production 
© tures is conspicuously shewn: for, if bodies had n 


degree of elasticity, or if the air were not 80 fi 


so much delight us. What praise does that bens 


manner as to be subservient to our Pe 
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Gon whe ait hos been here mentioned, the c 
templative young reader will with pleasure draw ti 


sounds the goodness of the CREATOR to his cre 


as to be very easily put in motion, there would te 
an er of all the melody and harmony which noy 


volent BEING require from us, who not only a 


ministers to us what is necessary for our welfay 
but has contrived all around us in so adinfrable 
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oN EVAPORATION, RAIN, HALL, SNOW, MUSTS, q 
WT" | AND DEW, | | 


* 


Warms the wide air, and o'er the void of hea n * N 5 
Breathes the big clouds with vernat cthow'ry distant. * | 
At first a dusky wreath they scem to riss 

Scarce $taining ether ; but by «wife un nie 

In heaps on heaps, 1 4-2; 

Along the clouded sk xy. LP THOMSON. 


fte . 


— 


Dun next bucinges in 00 1 3 

y which the most usual meteors as Rain, Hail, 

row, and the all-enlivening Dew, are produced 

| in order to this, the first thing we are to con- 

der is the progeas of Evaporation. . To have a 

precise idea of æuaporation, some persons astin- 

zuich it from exhalation, and say that the formet ; 

the act of dissipating the humidity of a body in 

umes or vapour, While the latter they say is pro 

perly a dispersion of dry particles issuing from a 

body. Others say is no need of any such 

distinction, exkalati (properly signifying a breath- 

ng forth) being applicable to all bodies capable of 

* respired, whether moist or dry. The term. 
4,4 © | commonly 

| 5 6 . 


— — — 
4 


* 


| which has been held in solution in any other boy 


_ tradicted, and in some respect refured: 
mate use of the following: * * 
| University of Dublin, supposes that Eyaporation/ 
nir, produced and promoted by attraction, Bent, . 


account for the ascent of aqueous vapours into fl 


And since the cause of bolutzon in this case is th 


already disolved and taken up, will be all 
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commonly used by chymists for the raising of 
minute particles of bodies in a dry form, is ul 
mation, Evaporation 1s: by them generally appli 
to bodies in a state of humidity, and precipitati 
is "the falling down of any body, dry or hum 


There are, indeed, few subjects of philosophie 
inrestigation that have occasioned a greater vaiie 
of opinions than the theory of Ex aporation: as 
a diversity, of opinions yet exist, e 
impossible to advance one, ee e 


be this as it will, ai: 62g the various the I & 


Dr. Hamilton, Professor of Pailozophy in ur 


nothing more than a gradual solution of water i 


motion, Just as other solutions are effected. To 


atmosphere, this ingenious author observes, that t 
lowest part of the air being pressed by. the "s 
of the upper against the surface of the water, and 
continually. rubbing upon it by its motion, it 
and Aschen Gr jannicles witch it u b. 6 
with, and separates them from the rest of the wats: 


In 
8 


sfronger attraction of the particles of water t 
the air, than towards each other, Moy 


ran | 
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1, and thus will diffuse themselves, rising gra- i 
ly higher and higher, and 80 leave the lowest air 
50 much caturated but that it will still be able to 
olve and take up fresh particles of water; which 
cess is greatly promoted by che motion of che 
el by the winds into the higher and colder parts 
the atmosphere, some of them will coalesce into 
all particles, which slightly attracting each other, 
| being intermixed with air, will form” clouds: 
these clouds will float at different heights (vary- 
from less than half a mile, to somewhat more 

n two miles) according to the quantity of va- 

o —·˙·—. | 
ly higher in summer than in winter. 4. "Wy 
Mas on AH 85 
al addition of vapours, and their partibles are. 
ven close together, by winds, cold, and other 
uses, then will they run into drops heavy enough 


fall down in Rain :— TAP 7 PEA 


* 2 ů —-—-—-— 


—The clouds consign their treagures to the field,, ͤ -! 
And, $oftly shaking on the dimpled pool [1 
Prelusive drops, let all the moisture flow © Ts | 


EET | eser. ö | 
* | 


— hits Bigaged the His \ 
; it b net ynlikely. har the atoms of vapenr © * | 
ich are near the Earth are congealed, whereby | 
1 2 55 | | they 


: ' N 
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they become more opacous, and constitute i 
obscure fogs which attend a hoar frost; at this 6 
the clouds are probably frozen before their partich 
are gathered into drops, shall pieces of them bei 
condensed and made heavier by the n fall dc 

in Snow ;— 0 


Then from e | 
Sheets of unsally'd snow in lucid chowersz ;: 
Flake after flake, thro' air, thick wav'ring flies, 
Till one vast shining waste all nature lies. 
| Then the proud hills a virgin ene 
| he's A dazzling brightness glitters from the mead: _ 
rue honry trees reflect a silyer show, 3 |. 
| 1 r 3 | 


On a TRY examination, Snow ts found to | 
composed of icy darts or stars united to each « 
as ctystals of water commonly are, 3 
compose ice, snow, or hoar Frost, at angles of 8 W. 
or 120 degrees. Its whiteness is owing to the 08 
particles into which it is divided, refracting? and 
flecting, instead of transmitting, all the rays Th 
that fall upon it. Ice, when. W PC 
equally white, = - 

If drops of rain in their falling paz throdgh 716 
gion of cold air, they become congealed in thei 
Passage, and fall in Hailstones ; but Signior Bt 
ca ria supposes that Hail is formed in the re 
gigns of the air, where the cold is intense, a 
where the electric matter is very copious 
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In the months of October and November, Fags, 
or Mists are more frequent and thicker. than at any. 
ther period of the year. If we consider the cane 
f Fugs, the reason of this will. appear evident. 
ere is, besides the evaporation from the seas, 
ikes, and rivers, a constant and very large echa- 
lation from. the surface of the earth, at all seasons, 
of water in the form of vapour; and the warmer the 
ground the greater will. be the evaporation, When. 
the air is warmer, or even but a little colder than 
the earth, the ascent of vapour is-not,perceptible to 
e eye; but when the temperatyre. gf the air is: 
onsiderably, lower,. the. vapour, as soon as it rises is: 
eprived of. part of its heat, the. watery. particles are 
brought more into union, and they, become visible 
in the form of steam: it is also essential to the for- 
mation. of E og, that there should be little or no 
wind stirring,, in order that the rising, exhalations 
may have full op portunity to condense. The heat. | 
of che middle of the days in autumn is still niffcient 
o warm. the earth and cause Raa 
pour, which the chilling frosty nights, which 
so generally very calm, condense into Fogs.. _. 
* * vapour is condensed into small drops upon, 
the surface of bodies on the ground, it is called Dem 
the most apparent difference between. Dew and 
Rain is, that the condengation:of vapour in. the one 
case, is made at or near che surface of the body te- | 
ceiving it, and in the other the drops fall a, con 
uderable space before they reach the. earth the 
12 { 2s dane 
„ | N 
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cause is the tame in both cases, 3 
ating upon vapoery air. At first view it will a. 
pear incontistent that a condensation of vapour 
chould take place in the air resting upon the earth 
— burſace, which is generally cupposed to be wann 
than that above; but it is an incontestable fact, that 
after syn=ret, and during the night, in 8crene wee 
ther, the air is coldest at the earth's surface, and 
grows warmer the higher we ascend, till a certain) 
PFF 
t aro 00e Ne in Valles thas in e 
Situations. When we recollect that winds grea 
measure prevent the accumulation of Dew, it eu 
8carcely be doubted n 
eircumstance. 

It would be nearly inexcusable to conclude thi 
Lesson, without calling the attention of my young 
readers, for a moment, to the beneficent and win 
laws evtablithed by the AuTton or NATURE © 
provide for the various exigencies of the sublunary 
creation, and to make the several parts 80 dependant 

| bpon each other, as to form one well regulated 
whole. In the torrid zone, and it may be added, i 
_ the temperate and frigid zones also, in #ammer the 
25 beat produced by the action of the solar rays would 

be insupportable, were not a large portion of i 
== adsorbed, in the process of Evaporation, into th 
Kmidphere, without increasing the temperature 
-  Ueereof; this heat is again given out in winter, Wh 
oY 1 | the 
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he vapour is condensed,, und mitigates the soverity 


ba 

N of the cold. The dry spring months are favourable | 
WS agriculture, and the Evaporation, which then be- 
4 rins to be considerable, absorbs a portion of the heat 


zparted to the earth by the gun, and thus renders + 
he transition from cold- to heat slow and gradual: 
autumn the sun's influence fails apace, but the 
ondensation of vapour contributes to keep up the 
— lag too e roma 
inter. 

Thus have "oi oder pn of the volume of 
ature opened to your view; and though descanted 
pon in a concise nianner, I have no doubt but it 
ill be an additional incentive for you to increase in 
r 
uon thereof, | | | 
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What art thou, Prost! and whence are'thy keen stores- 
Deriv'd, thou secret, all-invading power, hy, 
Whom even th' illusive fluid cannot fly? TroOMSON, 


He ow admirably ade Ahe aiveraified the 
operations of Frost ! The thronging multitades of 
the stars with peculiar brilliancy glitter through the 
fair expanse, while the Frost pours its subtle-and pe- 
3 netrating influence all around; and sharp and in- 
tensely severe throughout the long 8, 5" continus 


its rigid ä 


Loud rings the frozen earth, aud hard reflects. 
A double noise: While. at the evening watch, | 

The village dog deters the nightly thicfs : 

The heifer lows z, the diſtant water fall 6] 
Swells in the-breeze; and with the haſty. tread,” 
Amen | 
Shakes from afar... Tuo. 


Derr 


Ms 


- When, late bei the morning opens 0 
pale eye, in what a curious and amusing disguise! 
nature dressed] The icicles,. jagged and unewe 

, | be 
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hang pendant from the eves, and u whitish ch 6 
crusts the windows, where mimic landscapes rise, 
and fancied figures well. The fruitful fields are 
hardened as iron, and the moistened meadows are 
frmly congealed. The limpid stream is arrested in. 
its career, and its formerly flowing surface chained- 
to the banks. The fluid paths become a golid. roads, 
and where the ſinny shoals were wont to rovey. the, 
sportive youths slide, or with rapid motion scate 
along the erystal pavement. | When these and other = 
wonders brought about by freezing, are considered, 
wrely it is not unnatural to ask how are they 
occasioned ? This, perhaps, cannot be answered 
with the wished-for accuraty: however, though, 
the following observations do not entirely determine 
Wr Ae 9 8 be: 
$0mewhat amusing. 

The fixing of a fluid vuly n or 4 
mass by the action of cold, is called freezing ot 
congelution: in which: senso the- terms are applied, 
to water when. it freezes into Ice. By what mean. 
ir is that fluid bodies should thus be rendered solid 
by cold, the learned have not yet been able to dis- 


e air then abounding with nitrous and saline par- 


ater, &c. by which n they become hand: this 
the more probable when it is considered that 
"ng freezing -enixtures; all kinds ofvalts, whether 
ine or . 


over: it Would seem, however, that it arisas from 71 


cles which inginygte- themselves into the pores of | 4 
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1 e e observed, that 


water loses of its weight by freezing, being found 
lighter- after thawing again, than' before it was 
frozen, And indeed it evaporates almost as fact 
when frozen, as when it is fluid: nay, it has been 
observed, that in Frost the greater the cold, the 
greater the evaporation; and this, by the bye, fur- 
nishes us with a reason why there should generally 
ung 
month. 5 

The marmer-in'which — k «feeds 
now generally thus explained. When water is cx- 
| poged to an atmosphere colder than itself, it party 
with some of its free heat, and is reduced in tems 
perature ; but no part of it begins to freeze until the 
mass is reduced somewhat below. the 32d degree a 
Fahrenheit's' thermometer *; some of the watt! 
then beromes solid, which, by changing its stung 
endete v fem mr rbb na, ni 
restores the fluid in contact with it to the t | 
ture of 32 degrees, or rather above it. The « | 
gelation is therefore rather at a stand, till this senaibiſ Nan 
heat is abstracted by the atmoephere, and the m 
reduced somewhat below the 32nd degree. // 2 
portion 6d ee thin oe e this give ba 
mmm hack 7 
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ner congelation. proceeds, and is performed at 
crvals which are very observable when the phe 
menon af freezing/is accurately attended to. 
Water which has been boiled, freezes more rea- 

y than that which has not been boiled: it is also 


@ © + 0» Hts © ws 


es it to freeze more speedily. Water having its 
face covered with oil of olives, does not freeze $0- 
xdily as without it; and auf] absolutely pre- 
es it under a strong frost, when olive-oil would. 
.. The surface of water in freezing, appears, as 
vere, wrinkled: the wrinkles being sometimes in 
llel lines; but more commonly they make angles 
about 60 degrees with each other, and some 
e eee 
circumference. | 
mii 
1... ANI. 
narkable. When water is cooled to within eight» 
nine degrees of the freezing. point, it not only 
eb, er- 
led by farther diminutions of its heat; and this. 
pansion goes on as the heat is diminished, 80 long 
he water can be kept fluid: and when it is con- 
ted into ice, it expands even still more, and the 
floats on the surface of the uncongealed:part of 
fluid. This is the more extraordinary; as it is" 
exception to one of the most general laws of na- 
with which we are acquainted; -- It i ales 
een 


| | | above g 
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ed, that a alight disturbance of the fluid dis- 
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above blood-heat, the expansion of water with hey 
is very considerable, yet in the neighbourhood a 
the freezing point, it is exceedingly small. No it 
is evident, that when the specific gravity of a liquif 
is but little changed by any given change d 
temperature, the motions among the particles of the 
liquid occasioned by this change must be very slug: 
gisch, and the communication of heat, of course ven 
slow, and hence from the preceding account of con 
gelation, its process must also be alo w. | 
Count Rumſord, (whose reasonings on this pos 
are very ingenious, and have been farther 
| eee. draws from the c 
stance an observation which 1 cannot a 
senting to my young readen. Suppose, un 
he, * that in the general arrangement of things 1 
« had been necessary to contrive matters 80 th 
% water should not freeze in winter, —or- that f 
* should not freeze buf with the greatest difficulty 
10 —very slowly . and in the mallest quantity ju 
« 81ble;—How could this have deen mast readij 
« effected? 
= Thos who ue voentnendanith the law of 
condensation of water, on parting with its he 
e have already anticipated me in these 3 
s and it does not appear to me that there is 1 
thing which human sagacity can fathom, wid 
t the wide extended hounds of the visible ;creati 
% which affords a more striking or more palpal 
4 r wisdom of he Caxaron, and 
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special care he has taken in the general 'arrange- 

ment of the universe to preserve animal life, than 

« this wonderful contrivance: for though the ex- 

« tensiveness and immutability of the general laws 

« of Nature impress our. minds with awe and re- 

« yerence for the Creator of the universe, yet ex- 

© cepyons to those laws, or particular modifications 

« of them, from which we are able to trace effects 

« evidently aatutary or advantageous to ourselves 

and our fellow- creatures, afford still more strik- * 

ing proofs of contrivance, and ought certainly to 

* awaken in us the most lively sentiments of ad- 

miration, love, and gratitule. ö 

Though we cannot speak with confidence and 

ertainty as to the secondary causes by which many 

ff the wonderous effects of congelation are brought 

bout, we cannot, surely, be at à loss to ascribe 

hese and every other effect which takes place in tie 

lifferent seasons, to the great FIRST CAUSE. With, LE 

egard to the attendants of winter, they ought, 

ough cold and dreary, to warm our hearts with, 

ie fire of Charity. ye that sit easy and joyous, in 

your commodious apartments, solacing yourselves 

n che . diffustve warmth of your fire; O re- 

nember, that many of your feilow-creatures, amidst 
the rigour of the inclement skies, are emaciated 

vich sickness, benumbed with age, and pining, with 

aunger. Thigk| for heaven's sake, think, l 


——How anf drink deen 
Of bleu niet er at the bitter bread 
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— ore pierced by wintry wind, 
| Of theerleus poverty! N rens 


While a few faint and wks embers on the 
squalid hearth, rather mock their wishes than wam 
their limbs. Methinks every piercing wind that 
blows, and every addition to the severity of the frog 
pleads for the poor indigents: may. they breath 


pity into ybur breasts, ar may you be _ =” 
- dnced to succour them in. their distresses, | 
them from their calamities, clothe their naked bc j 

and mitigate the severities of their wants; thus * 


you obtain their prayers, e 5 


fort beet ger, own zouls “! ; 
PER Abe eee | 
rr 
UNNECESSATY « $5, 
e When the fatherless call upon ths, when the widow" 
Is 8unk, and che imploreth thy assistance with tears of #orrow;0 
| pity her affiiction, and extend thy hand to thoue who h 
© Wen tho cnt th ted andre fe 
with cold, and destitute of habitation, let, bounty open 
ne wings: of eren 
thine own soul may live." 
e Whilerthe poor man groaneth on the bed of sickneny, 
the unfortunate languish in the horrours of a dungeon, ot 
| Hoary head of age lifts up a feeble eye to thee for pity; 0 
art ere nn Ne 
wants, aneeht of their woe ?” | 
| Zeomows ar ping an 


*. — q , 


. 


tree eter ata HAIG: 
ipline the mind, . . . Let your resolutions then be formed 
o study it as 4 sclence, in all its tendencics favourable to the 
-neral interest of knowledge, and to your own particular ins 


— 


ZEFOREI I attempt do explain .o you the nature of 


under-storms, which will be the business of the 

ext Lesson, it may be advantageous to appropriate 

few pages to the #ubject of Electricity, as it will - 
nd to ma e ee | 
znomena, 

Flecticity {derivelt' Hom hs Grit inkins" Hh! 
mber) is that power or property, which was first 
bserved in amber, and which scaling-wax, glass, 
| a variety of other substances, called Electrics, | 
e known to possess, of attracting light bodies, such 
chaff, fine thread, and bits of 'straw, whefl ex- 
ted by heat or friction; and which is also capable 
being communicated in particular circumstances 
other bodies. "The term is also, often, more ec 

my nely apple to all other viaiilar TIN: 

80 bobs met Rome * 


1 
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perties, and their various effects, in whatever bodie 


they reside, or to whatever bodies they _ be com. 
municated. 

If a tube I „ al in dns 
and about three feet long, be rubbed, by repeated 
drawing the hand, or a piece of leather from ons 
end to the other, it will become electric: so thy 
small flashes of divergent flame, ramiſied 80mewhy 
like trees bare of leaves, will dart into the air, fron 
many parts-of the surface of the tube, to the distang 
of six or eight inches, attended with a crackling 
noise; and sometimes sparks will fly along the wh 
to the rubber at more than a foot distant. Tix 
luminous matter is called the Electric M ter a 
Fluid, and all bodies that we are acquainted vid 
have more or less of it in them; though it seem 
lie dormant till it be put in action by n 
then (in a dark room) it appears like fire. 
Some bodies freely admit this fluid, and letitp be 
through their.pores; others do not. The forme diſh 
these are called, Non-electrics,' or Conductors: 0 
this sort are all metals, living creatures, water, e 
moist wood; but metals are found to be the bel 
conductors, The latter, which do not allow the 9. 
Electric Fluid to pass through their pores, are calk 
Eletri 'Ics, or Nen-conductors: of this kind are giah 
wax, rosin, dry glue, baked wood, and alk. * 
either of these be wetted with water, the water 6 
adheres to rt will render it a conductor, eee 
when any body is to be used as a. nog-conductan.s 
R wan 


T 
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f damps, which it may have contracted in a variety 

f ways. The quantity of Electric Matter which 
rery body has lying dormant in it, is called its na- 
ral quantity ; and this would always remain mo- 
'onless and invisible if nothing disturbed it. But 
hen any more is forced into it, as suppose at one 
nd, the whole is instantly put into motion thereby, | 
nd begins to be driven out at the other end, if it 

n find a passage. | 
The earth is the had source iy dis Flectric 
luid, and no additional quantity can be forced into 
y body but from the earth. If the body be a free 
onductor, and has a communication with the earth 
y means of any other conducting substance, as 
etal, or by a table, to the floor and walls of a room, 
1 from thence to the earth, the Electric Fluid will 

n as fast from the conductor. to the earth, as it Is 
y any means driven into the conductor. But, if 
he communication betweerl the earth and the con- 


5 £ 
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onductor, some of the Electric Matter may be 
reed into the conductor, by which means it will | 
ve more than its natural quantity; and the earth, 
dm which that additional quantity cumes, will 
ave so much less: which could never be, if-the a 
ectric Fluid were not 1 ens * 
ot de compressed. 33 | | 
When any body. le obo ths 5 

y of this fluid, it is dad to be eloctrifled positively, 
18 plus; and * 
4 „ ay 


cting body be cut off by means of any non- EE 


* 
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tity, it is said to be electrified negatively, or 
When bodies are electrified either of chese wa 
they repel each other; but if some be electriſied i 
And others minus, they mutually attract: or if « 
body be elecri®ed plus, andthe other no way ac 
they also attract each other.. 
| Thefollowing experiments will tand w aber ! 
reality of electrical attraction and repulsion. 
two bits of cork into the shape MPs | 
mon pea. With a needle, draw a thread. throw 
Deere 
at the ends of the threads with a kudt below d 
Let the other ends of the threads be inserted in 
- notch of a small piece of wood, about a. foot ld 
two wine glasses, a few inches asunder, 80 that 
end of it, in which the threads are, may project: 
the edge of the glass nearest it, and the corks 
de in contact with one another. Take anc 
wine glass; and, having rubbed it heartily wit 
piece of flannel, or upon the skirt, or aletve, 0 
woollen coat, hold its mouth to within about 
inch of the corks, and they will suddenly at 
der, and continue 80 for some time. ed 
Again, lay a pocket watch upon an hori 
table, and take a common tobacco pipe, and 
on the face of the watch 80. that it may rest the 
in equilzbrio : then, after mib c minha 
Acscribed in the former experiment) bring #4 


= a < WI 
«/ N 
- — 
* " 


| 

| ” 
8 
| 


chin an inch of the smaller end of the tobacco 
pe, and by moving the glass gently round in um 
rrizontal circular track, you will cause the pipe to 
n round on the wurch-glase, as the weedle en 
its center in a mariner's compass. Nein 


A great many experiments mary" *. Pede 


bought, with the necessary apparatus, at the chop 
any philosophica instrument maker in London: 


try Electrical Experiments, who cankot- welt 
ford to purchase a complete machine With appa - 
tus, I shall bete give a description of a very zinple 
achine, and one that may be madle at but litfle e- 


rm; the under plate may be of wood, Fase, or 
s, ſive inckes in diameter,” and need an dhe 
per side with an even coat of melted sealing - wan 
the second quality: The apper plate" may bel 


red and soldered round the edges on the upper 
with» rst f fr ee Ae 
ade. The socket and handle may be coated wich 
eled sealing-wax dissolved in spirit of wind II 
r Wen 


This ximple Kloczrical Machigs ls deverihed in No, II ph. 
„ OY YT EY 
N 
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ith the help of am Electrical Machine; which miry | 


t, as it is probable that several persons may with = 
e*, It consists of two plates of a circular 


0 of wood; coated entirely with tiafoi, "havirig* | 
and of baked wood, or glass, fixed in the center 7 
its upper ourface/ | Or it may be made EIS, | | 


' 
: 
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| it may Be outedon he under id with inal 
on with stiff paste. 

Io use this machine: Ns, with « oy 

piece of flannel, rub briskly that side of the i 
plate which is covered with cealing-yaxy place 
2 table with the excited side upward; get the up 
plate exacily on the lower, touch the upper 
with the finger, then raie the upper vn by 
handle, and it will give-a spark of Electric Fire 
any conducting substance. By repeating the ope 
tion, another spark may be obtained, and 80; on, 
eee eee 
zome conducting substance, no spark can he obtain 
If the sparks be given to the hall of a coated phi 
eme, | 
be, given, 

Having said thus math ee a le 
Machine: will procicd. to divcciby e 
periments. If one body, as suppose a piece 
Anne, nnn 


ee ee 
bis mutb r200 parts, lead and tin of each ene part, melt then 
| gether and carefully axim off the dross z remove the mixtirt i 
rhe fire, and before it grows cold add nen parts of hot mei 
tir the whole together, and the amalgam, when cold, is fit 
use. Let the bottle, to be coated, be quite new and clean; 
| into it 4 $ufficient quantity of the amalgam, incline the | 
and gently turn it round, that the composition may adbe 
ovity gait, pour out the ropertivous amalgara, and js batt 


. 1 4. 9 2 So & 
Inge. * * 7 
* An — 
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_ IO. If. bs 
oc eee ie GA IF FRAN, be brought 
ear the metal, the feather will be thereto, 
d electrified thereby: on Which it will de inime- 
ately repelled from it, and will not return to it 
p un, till after it has toułhed some unelectrified 
that is of the conducting kind, and deposited 
| Aud therein, and then if the distance be but 
ill, as about two or three inches, it will return 
the elecuifteck metal as before, and be repelled 
. igen Neva 4 10 og 66 

If a round piece of metal be dlectifie, and any 
inted picce Gf ĩnetal be had near it, the point will 
by off the fire from the electrified metal, if that 


— © 


has dhe point be roppoited, by any 0 


. DUST HU i 33 £1 01's 


7 vat 
If the wide U A wirs. wii bara both' 

i de Std 1s a fk Of , Ad iber of. = 
e eine YO fend Heut dre Wetel Whictiie Kept W 
Hectrificd” dtade By the” 'matHirie, car point If 
. off the firs From wh Mata, doe e. 
n off from 'the othet „che Air. fach | 
ve Teal, HL Fly Temürkabll, gift bla! 

point ir 2 PS well dttrdct Etectris Fü. 
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If a large globe of metal be, elec outing 
it will retain the Electric Fire for some considerahl 


time. For the currounding, air prevents” the-ac 
mulated fire from invuing 50 fagt-from the. glodes 
| it otherwise would. n 271 If two globes of me | 
be hung by ilk lines, gr placed on ux, at abaj 
two feet from each other, and ane globe h d 
electrified, and the other be hung, or placed, rad 
nearer it; the former. will soon Io . 
Electric Matter, which. will be N off, by t 
Ktter; but the point of a needle would draw. it 
| much zooner. le of ate 10 59% 19 brwnr s i 
Writers on ici 


Electric zyt gecopnts ofa. 'x 
of experiments. in this entertaining .aciencg,. f 
which some of the properties of the Elegtric, Ma 
may be deduced; but as to its real nature 0 
phers haye, entertained very, different, entiment 
Some haye,enppoyd tat in K. he ban wb 2 
ether of Sir Isaag Newton, to which: the at is 
| and, repulsion, arg, agcrihed; n the light. 


and other e of ihe Furl, anvil ea 
eq, the grosser particles. of dodies driven aft e ] 
dy the. forcible agtiop of this ether; and.giba 0 
pearaqnces are | of a,quþtile.s 

Hun Ace ere eue of all ee e 
hen £48994 entranee of the gihen;: th, 


it a supposed, is the came with f re 

Ss | BATES eta * m 
ductors, and more tis 
Electrics. But Dr. Prenjer (nkens bln bs! 
js the 
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ation, as a philosopher, are too welf known to 
ecd any encominm from me), objects, in some 
easure, to the hypothesis above recited, and gives 
as his opinion, founded on experiments, that the 
lectric Matter Either" is phlogiston, or contains ĩt; 
nce he found that both producet similar effects. 
lr. Henley also apprehends, that the Eleetric 0 | 
a modification of that element, which, in its 
wescent state, is called phlogiston; in its 158 . 
ctive ate, Elecitbity; arid With Vialentty bgirated, 
re. | At! 3 $7411 (Lei Fil. 

This Electric Fluid, it is' cuppoted, moves with 
eat ease in those bodies that are called conductors, 
it with extreme difficulty and so nes in the pores 
f Hectries; whence it comes to pass, that all Elec 
cr are impertiable to lt. It is fatther supposed, 
Hectiich edhtain always an equal quantity of 
is ud, hat there can be no surcharge or in- 
ase on onè side, without à proportionable de- 
ease or loss on the other, and vice vers; and as 
de Electric does not adiit the pazage of the fluid 
rough its poyes,” there will be an bc cumulation oh | 
© side, and u correspohditig” deficiency on the 
. Then When, both” sides are connected to- 
ther by proper contuctbrs; the” equilibrium will 
wee by th beg of tlie redundant fluid 
. om the overcharged surface to the exhausted one. 

| 3 i ai Elberric be fubbed by a conducting 


126 LESSON XXI. 


and, if one be electrified poaitively, the other | 
be electrified negatively, unless the loss be 8 
dy other bodies connected with it. Thi wo 
serves likewise to illustrate the. various x 00 
and operations in the science of lectiicity thy 
bodies differently electrified will naturally attng St 
each other, till they mutually give and receive 
equal quantity of the Electric Fluid, and ky 
brium is restored between them. Beccaria au 
that this effect is produced by the Electric 
making a vacuum nnen ˖ 
air afterwards ee ee the b 
together. dn | 
"Te in natural to imagine, — power N * 
cacy as that of Electricity, might he applied | 
advantage to medicinal purposes; especially ine ii 
has been found invariably to ipcfegsg he: 
perspiration, to quicken the ciroulatign gf the X 
and to promote the glandular secregion+ ecoraing 
many instances occur in the history of ti x 
in which. it has, r = 
vantage and success. In most disorders in which 2 
has been used with perseverance, it has given: 
least a temporary and paxtial relief, and in m 
has effected a total cure. Electrical chocks f 
perly applied, have Frequently cured the aguey 
ach, head-ach, rheumatism, pain in the stand 
sore-throat, and Sometimes the, our; ab 
several years continuance has, fen qcommvege 
one cat, e dads ae 


LESSON XXL. io 
s cured by Electricity: it has cured chilblains, 
id removed hard swellings in various parts of the 
ody; it has been successfully applied in bad spas- 
odic and paralytic cases, it has cured the St. 
itus's dance, and it has in one case, if not * 
stored sight to the blind. 

Since the Science of Electricity has been —_ 
the desirable purpose of restoring health to che 
x, the emaciated, and infirm, often with consider- 
le success, even by gentlemen who are not phy- 
ans, and consequently cannot be supposed to 
tinguish always between cases where it may, and 
here it may not, be advantageously apjfied; it is 
uch to be lamented, that medical gentlemen of 
ill and judgment do not, more generally than they 
we hitherto done, give directions for the use of 
Electrical Machine, and point out in what cases 
may have recourse to it with benefit and safety, 
dd in what cases it would be prejudicial. For I am 
nvinced, that were such directions laid down and 
operly disxeminated, many benevolent pemons in 
tcrent parts of the kingdom would, with alacrity, 
nbrace the many opportunities which would be 
en afforded them, of removing the infirmities, and 
laying the excruciating pains of their -indigent 
ighbours; thus alleyiating distress, and restoring 
dmfort and joy to_those who may have been long 
exxed down with a weight of lingering disease and 
nulated affliction, 
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l perusing the imperfect account. which 
have here given of the science of Electricity, I l 
von will be induced to labour after a more famil v 
acquaintance with it. Be assured that it poste 
| every property which can make knowledge inter 
ing to the human mind: the power whose la 
whose relations,, and whose effects it investigate 
has been proved to be one of the most extensive 
nature: there is. scarcely any science, the light d 
which may not be increased by it: many are the 
in social life to which it will communicate 
powers, and many are the mysterious circumstand 
in the history of nature and mankind, which by 
may probably be developed and. explained. 

It must be acknowledged, however, that ti 
science is, as yet, in its infantine state; the languay 
by which it is taught is imperſect and obacure; 3 
though various laudable attempts have been m 
by philosophers of eminence and celebrity, to gan 
a respectable place among its sister ee 
rarely made an object of eager and complete. att 
tion, or of that perseveriug activity, by which ala 
it can rise to its ꝑroper consequence ee, 
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ON. THUNDER AND LIGHTNING, . 
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_3y conticting winds rogeter duad'd; ;N 
The Thunder holds his black tremendous throne :- 

From cloud de clow the rending Lightalngs tage 3+ 

Till; in the furious elethental war” 

Dissolv'd, the whole precipitated" se 

Cade food 49d vl vrens yours. ane, 
0 1 | : I > , 


AMONG „„ 
ave observed, it is-scarcely probable that there are 
y which should more tend to raise in your mind 

rious reflections, than that which we are now: 

dout to consider. The more than usual gloomi- 

of the sky. the thncommon/ heat of the air, 

de astonishingly rapid descent of the rain or hall, 1 
uch generdlly attend the Thumnider's wemendeus 
kp, and th Lightning's forked facht, do undoubt- 

ly alle to raite Idea of ronder and UM e. 

when ver reflect upon łhe terrible effects which. 3 
s meteor products, Buildings set on fire, huge \ 
3 5plit into shivers,-—ate&plesrent,—znintals and | 
1 destroyed, —and metals melted like wat; 

dat emotions do we feel? The guilty sou will in d 
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a manner shrink into itself with terror: but 
truly religious and /philosspHMEueb ind, whillst fi 
with admiration of the Po WR which produc 
such a meteor u Thunder and Lightning, ow 
naturally led to enquire by what "Eg 
N occasioned. 

An opinion very prevalent mga 
unt il late Tears, was, that this dreadfalund & 
ous meteor is produced by a variety of « 
bituminous, Mirituous, nitrous, and sulph hi 
particles, exhaled from various bodies, por) Th 
into the air; and there being driven to and f 
the wind and other causes, arg ur" Terry? let 
agitated, and furiously striking against e _ 
force themselves through the clouds, N | 
an explosion which we call Zhunder, and 8 
or flash which is called Zightning : the bitum 
and sulphureous particles causing the flash, 4 


nitrous particles occasioning the explosion. Li 
| But it is now univerbally allowed, that theme hat 
eee nir 
the proof of this was reserved for Daz Front it 
who. is $0 justly celebrated for his many « coe. 
particularly in that branch of natural phulos qu 


which was, the subject of the 1 5 
This. philosopher traced out with much accu £01 
 «cyeral particulars in which. Lightaing apd het af 

tic eres, e LAG ANY 
tion. * 5211 ie Han- eo » 


rr 4. oh 
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Flaches of lightning are generally seen crooked, | 
id waving in the air: this is also the cage with the 
lectric spark, when it is drawn from an irregular, = 
body at some distance. Lightning strikes the highest 
xd most pointed objects in its way, preferably td . 
thers: in like manner, all pointed conductors re- 
eire or throw off the electric fluid more readily 
hat auch as are terminated by flat surfaces., Light- | 
ing takes the readiest and best conductor: 80 does 
he electrical fluid. Lightning burns: 80 does elec- 
ricity. Lightning sometimes dissolves metals: 80 
Joes electricity. Lightning has been often known 4 
o strike people blind: ban ee BE 
birds have me igt i 
ing sometimes destroys animaf lie: a «har 
lkewise been killed by electricity, A Y of 

Bot what demonetymtes.in. the glexnent vagal hal 

ible the, identity of electrical fire with che matter of 
Lightning, is, that the Doctor, agtonishing as it müst 

have appeared, voawived actually to bing Licht: 
ning from the by means of an, electrical | 

kite, which he raiged. when u storm af thunder. was- 
coming on. The same experiment has been fret 
quently repeated by other philosophery ; and it. is tp 

be lamented, that it was once attended with fatal | 
consequences: for the Abbe Richman was killed b 
a flash of Lighining be drew down from the clouds 4 
in an experiment he was making at Petersburg. l 
To know that Lightning and electric matter are 
n e 

8. 6 ate. 
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230 u a2 gear acquaintance; uit lie sehen Fo 
electricity continues 80 very imperfect, we mut ns at 

cessarily xemain ignorant of the vausrs of many of 

the appearances which accompany Thunder-stbrm 

However, we will now proceed to give such an en 
=  planition of tie phænomena; as the present ztute u + 
knowledge will permit: many observations and ex- 
periments tend to prove that some clouds are in t 
positive, and some in · a negative state of electricii / pa 
dme quantity of eloetric matter in a co moο⁰]) Th 
der-stormę is meonceivably great, considering homo. 
bene, ee as steeples and trees, ate con- 
ally drawing it off, and what a prodigious quan- 
| ** Sy: vibe age rears, out rer fas 
This matter is in such abundance, that it: is thought 
impossible for any number of clouds to cs 

50 as either to receive or discharge itz- - During the 
progress and increase of a storm, it has been c- 

served, that though the Lightning frequently vbuct 

| to the earth, the tame clouds were ready the bet 
moment to make a still greater discharge: whence 

u is concluded, chat the clouds serve as eonductor 
to convey the electric fluid from those parts: of the 

earth that are overloaded with it, to those that ] 
exhausted of it. The same canse by which a cloud 

e first raised, from vapours in the atmosphere, draws 

to it those which are already formed, and til} con- 

tinues to form new ones, till the whole collected 

mass extends g 
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exth where there is & defcieneywFf de eltetrid hilt; 
at which place the electtic matter will disc karge ier 
on the earth. A channel of communfcation being 
thns formed, a frech supply of Heetrie niutter is raised 
from the overloaded part, which continues do be con. 
eyed by che“ meim of the elend, tilt d cqui-- 
ibrium of the fluid is restored between t ted places 
f the earth,” The Lightning throws Veſore it the 
parts of conducting bodies; and 
e resisting medium- Grongh which ir most foros 
its passage; the longest flasbes seem te be made by _ 
n e 
he vapours of the air,” 39} 4.236 Ne 121 32 325 the Ss 
flaches of Lightning, seem e 
ling of che vast vacuum made by the passage of 
electric matter: for, although che air collapse 
ie moment after the matter has pussed, and che v 
ration on which the sound depends commiendces'at 
e came moment: yet when che fach is rected | 
ds the person who! hears the report, the w. 
rations excited at the nearer end of the track, will 
1 his ear much sooner than those frans the're- | 
ic * and the on will, without any eche | 
 reperoaaion, continue, tif an the vibrations have | 
ively reached Hm. nin 1799 $14" 
Karlsen however, that the question, 
it happens that particular parts of the carth or 
ie clouds come into the opposite atates' of positive 
amm 
among 
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Pn ä ich 
supposes the electric matter then in the. clouds to 3 
generated by the fermentation of sulphyreoys vapom 
with mineral or acid ones, n 
chare of probability, especially when it is recollect 
that Thunder -storms generally happen when e. 
is in a gultry state. fe e ub 

With eee eee 0 
of Thunder and Lightning, it is not easy to pal 
with precision: though it may. be noticed, thut 
seems to depend A Fg SAG yr 
track of the electric fluid: which distance is g ol 
or less in proportion as a greater or . 
time elapses, eme the dark and an 
the explosion. | r Actintc! bo þ 
1 re e on 
. $torms,. the general, opinion is that nene ea. 
ate more. safe than under cover of a hause: d p 
who are in — — js 
to place themselves within 50 yards. of a tree, ve 
by no, means, quite near it. It is generally thou pe 
safer to have one's clothes wet than dry, as ni 
Lightning might then in a great measure be ure 
mitted to the ground, by the water on the outs 
of the body. Under cover, people are adviged = 
tit near the middle of a room on one chair, ue 

lay the feet on another, observing, that ug md 
. 3s candlesticks, iron chains, &c. arg neat. A 
better method is, to place the. chairs, upon. mange ow! 

ar ſcather- beds: a vaſer way yet is, to hems” 


* 11 — 
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dock hung. om ajlken (cords.! at» an equal.dinance 
rom all the Sides 'of the rom But dhe place of 
eatest safety must be in a deep cellay;* and espe- 
ally the middle of it; ; fo when : a person is 2 is lower 
han the surface, gf, the .carth, the Lightning must 
rene having a great * 
f not reaching hin. m aoqy 17397 2220112 π ον K 
A building may be vectred to a Sehe de- 


nee, from the dreadfal effect which. Lightning 
n | 
jning to the lower, end of it » wire, which mast 
mmunicate with, the. earth, or father, the nearest 
vater. This rod the. Lightning will eine upon, 
boner than any part of the building : it will there- 
ore descend along it, and the-annexed-wirey till it 
eaches the earth or Water, hE,Em will be dis- 


_ without doing any harm. At. grid. be ad- 
le to have ihat part of the wire which, in within 
ve or six feet of che ground, surrounded by an 
pen frame, of such a kind as will prevent men or 
nimals from coming 60 near the wire, as to be in- 
ured by the Lightning, Which it is designed to com 
ey to the earth. He ft n bt yen een 
Several of the Rrixiah, game and; gommenes: have 
ziven us sublime descriptions- ofr-Fhundengtorms, 
vith admirable-reflettions" thereon: as 'a"vpecimen, 
ny young readers are requested to peruse ol fol- 
„wing. 2 
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| Howe an the vund pat eee ten, 


| Whit evi of Fate a bene! ai: u 
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Her flight for heqy'a to find her 
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' ON THE 1GNIS/FATUUS. | 
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— Inne e 9 
gate, nn obur gp 
Condenses, and the, cold environs round, ,_ 
Kindled thro”, agitation to a flame, - {Lhe 
(Which oft, they day, ome evil wird | 
Hovering, and blazing with delucive 
n 
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22 A * * 
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[00 numerous 0 
d apparitions, hobgoblins and apectres, which are 
nded down: ſrom one generation to another, -by 
great weaknesy and folly of some parents -and 
15:5, Whose whole intention one would imagine 


childhood, we shall not be greatly "curpriaed ut 
e avidity with which tales of the 'mischicvous feats 
rlormed by Jack otZarwhorns; "and Wild with a 
pe, are swallowed, ever: by -upgrown- people; - 
mature judgment in other concerts. Fr 
mu OTTER 


when. 


to make their children chiefly eusceptidle to che | 
pressions of fear. When we consider-how-diffic g 
lt it is to-eradicate prejudices which were imbibed 
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when going over a piece of marshy / und in a 
night, he was suddenly startled with the appearance 


of a 5pizit wrapped up. in fire, which kept.danci 
round him, and dazzled his eyes to such a degree, 
| thathe became dismally frightened, and 80 the fen 
spirit led him out of his road, and then left hin 
This migfortune of the father would be remember 

by the child when he arrived at years of - maturity 

when he would perhaps hear several similar tal 

from other persons, which the credulous 'y 

would look upon as 80 many, corroborating te: 

| aim of th2 really of mk. eee. 


of course, the PAINE. Tong. n 
rooted in his min. 


ee eee eee, 
mam, peruse chese Lexzons, I ah | 

0 Lendharng, * er dem having ny thing 

pernatural about them : on the contrary their x 
and the effects they produce, may be accouſitel 
in a very natural and easy manner... 

2 by, — 
rr 
lis flat and low, and gometimes near dunghills. * 
appearances of it usually observed, sufficiently erm 
that it is an ignited vapour: for inflammable wr 
been found to be che most common of all then 
| 2 
401. ö ; ques 
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ently produced from the putrefaction and decom- 4, 
xsition of vegetable substances in water, with 
hich marshes, bogs, &c. abound, it may be rea- 
nably inferred that when this inflammable air 
nes, it will be speedily kindled, and being wafted 
out near the surface of the earth, will cause the 
pearances which create ao much unnecessary alarm. 
The celebrated Dr. Shaw has described a remark- 
le Ignis Fatuus which he saw in the holy land, 
hen the atmosphere had been thick and hazy; in- 
e e eee eee 
clammy and unctuous. This meteor was 
metimes globular, then in the form of the flame 
a candle; presently afterwards it spread itself 20 
uch as to involve the whole oompany in a pale 
rmless light, and then it would contract itseff j = 
adenly disappear. But in lead than a minute it 
ould become visible, as before, or running along 
om one place to another, with a swiſt, progressive 
otion, would expand itself at certain intervals aver 
„ ee 64 

Ei 1 2 
I the glins e de | 
teors are very often. geen: cometimes they vary = 
bgure and situation. in a very, uncertain, manner: 
e | 


de d or mb rotates 
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there 
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there with great ropidiey'>-obmetihes be 'Y 
en! crouing each other's \paths,.. as though th 
were dancing; then all at once sevetal- of th 
| Iren which may ;perbaps. be — 

object. In many plats; ens may be almor 

of seeing them every dark night. 7 ee 

| "That: peel be led Ma af l 68g 
thead metrors in ore to be attributed to their « 
unreasonable fears, raised by prejudices instilledi 
their minds in their infantile years, ' than any ot 

\ cause. For when. che Ignis Fatuus' happens 
overtake or approach them they are ene 1 
fear and surprize at 80 shining a light; and 
spectre, as they imagino it to be ; whence the 
road entirely: more especially, if (as will most 

| quently, be the case) the meteur be attracted 

q them an their flight. 3& $904! 444425; orotic] 
From 4 comcleraion.of wat has bers bur 

| | vanced, the great importance of deing'e | 
| without having ny whjeantic verbal) | 
dices engraſted im the mind, is exceedingly c 
to the older part of my readers $'woule thatek 
take the liberty of r à peculiar 


ä bention that no idle trash be insinuntell into 
1 minds'of their children; dor it dig, as, l 6th 
| a; Taxes, 1 TY 33477! 1 N tori an FT 3 CTunr * 
4 1 S2tul. “ ien 70 41 2214127908 4 * 
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To those who! haves; naformmencly; been bailly 


endeavour with-Sornd reading to convince them 
their erwar! gad Used de iden Wot giving heed 
future, to idle, US Or I) 


10us or inconsistent stories 
any kind; advising them te furnizh themselves 
th such une may have. a dendency to 
duce: true pleasure, and happiness through Jiſe, 
I Hich when eying chey can dedvet cen widr 


in des N.. abt rs * N 
uneasiness 2 
* lers ln“: 


— dep 3s infdeliey, 
the truth of this, the present dimes ach U a Uimentsble ex- 


im, Tis the diffusion of pure and solid knowledge, which 


2vours! The immediate sphere of our action may be circum- 
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. 
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ann 
| beams of opening light, to behold them icradiate that 
gloom of intellectual darkness. which long overwhelmed 


ly sporting, #0 contemplate the splendoecent proepect 


— 
— 
| f 


. % 9 
Na q * 
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xcated in this -.reapect;: a-friendly: act would-be, 


e can preterve us from the dominion of these opponite tyrants. = 


ded, but our exertions will not on that account be entirely lost. 


millions of mankind : how een pleasing, to view them 
7 and wider epreading their invigorating influence; how rap- 
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od aft : 3 off £ Power supreme?:: 


MT e J 
** To theo wo lift our volcs "= 


bi 


* 0 vpreall thy benign; thy: vinifying gt over the! 
of the sonG of men; diapel the yet impenidingunists of 
and superstition : and, O preserve us from the diamal gui 
Infidelity and atheiom ; let thy truth run and prevail gloriouy 
let pure, celestial wisdom overspread the earth as the, water; 
the tea Ted chall millions kneel before thee with grateful 
enraptured Reirts ; then Shall they rejoice t6 ting the prin 
thee, their Benefactor, their Father; "and their God : the thi 
| this vale of tears be filled with the:maridions' of jo. hd 
and become a bHesful ſoretaste of those regions, whert thy 
crowned with unfading glory and fellcity, Mgr 1 1 
wich never-ceazing hallelujahs ' _- 

, See Sermons on Ne Inavity and Miubisf, nur 
ae, by the © Rey, Be Nair. 
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A blaze of meteors zhoots: enqweeping ürt "My 

The lower skies, they all at once conyerge , ile wid. 

High to the crown of heav'n, and all at oe 
Relapsing quick, 3s quickly reazcend,.. ._ 10 

Ang mix and thyart,, extinguicb: and renew, fl 
ne. _ 175 
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HERE are, N but „ e in 
re which are more curious than thase, known 
the appellations, Aurora Borealis, Northern- 
kts, or Streamers: the radians-streams;/likefle- 
ns rushing to the engagement, meet and mingle; 

much that the air seems to be conflicting fire: 
reently, they start from une another f) end ike 
ues in precipitate: flight; each marchingαν 
it way, they are tirowyn into a quiveritig\tnes 
the whald horizon is illuminated wich the 
| party — they coprecent enge and. 
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The villagers assembled toge gaze at f 
spectacle, first with astonisment, with horro 


It 
t 


N: 


2 Fronrlook to look; contagious thro' the crow. 
The panic runs, and into wond'rous shapes 
Th' appearance throws: armles in meet atray, 
Throng'd with atrial spears and steeds of fire, 
Till the long lines of tutt extended war, 
In bleeding fight commixt, the sanguine flood 
Rath 6 bene , of Jnr, 
As thus they can the visionary dcene, , 
| On all sides wen the cuperititious din, ra "oy 
Incontihient;” and busy frenzy talks N 
Of blood and dattle, cities overturn d, 
| And ie tight in eee. 
ebene wrapt In fierce ascending flame: 
Of tallow famine, inundation, storm; 
p Of pentilence, and very great distress ; / 
Empires ubvers” whep ruling fate has otruc$... 
„ onakerable Nour: ev'n'nature's belt 
* mann, eon 


— Ne. r n 


f " Thpogh-this wravidg: brixhtaees which pen 8 
innecently over our heads: causes such avout” 
ment · in che gazing throng; it has à very di 0 ak 
effect.uponlie philocopher:: he feets vtimulatei ny © 
A NIE "ind! in great nean : 

Ne, 
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Nt may be observed, then, that the appearances | 
the Aurora come under four different descrip- 
ns.—First, a horizontal I:ght like the morning 


rora, OT. break of day : which horizontal light 
1s to the magnetic east and west, and is bisected, 
the magnetic meridian.—Second, fine splendid, 
iinous beams, well defined, and of dense light; 
e continue 4, Z, or 1 minute, sometimes appa- 
atly at rest, but more frequently with a quick 
ral motion: these beams appear at all places 
e, to be arches of great circles of the sphere, 
th the eye in the centre, and these arches if 
plonged upwards would all meet in one point; 

s converging point is the same as that to which 
south pole of the dipping needle points, at the 
ce where the observation is made.— Third, flashes 
inting upward, or in the same direction as the 
ams, which they always succeed; these are only 
mentary, and have no lateral motion, but they 
generally repeated many times in a minute; 
y appear much broader, more diffuse, and of a 
aker light than the beams; they grow gradually 
ter till they disappear, but they sometimes con- 
ve for hours, flashing at intervals. — Fourth, 
hes nearly in the form of rainbows; these, 
zen complete, go quite across the heavens, tend- 
| to the, magnetic east and west, and crossing 
magnetic meridian at right angles. J 

Vhen an Aurora takes place, the appearances 
ve described, generally succeed one another in 
H 
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che following order :—first, the faint, rainbow 
arches; second, the beams; third, the flacha; 
for the horizontal light, it is found to contist 
abundance of Bazhes or beams, blended t 
owing to the situation of the obzervet rein 
them. 
- These phenomena have been accounited for 
various suppositions. 1. It has becn ue 
be a flame arising from a chymical ef 
combustible exhalations from the 1 2 1 
been thought to he inflammable air, ers} 
tricity. 3. It has been imagined to be « 
by che zcdiacal light. 4. 1 
that it is caused by the reflection of the chu 
on large bodies of ice floating near the polar reg 
But all these suppoſitions will admit of abject 0 
being uttefly inadequate to , account” for the 
pearances. Lastly, it has been supposed ela 
tight itself; and this opinion Has met with. 
[advocates since the identity of lightnin ; and 
clectric matter has been determined; for we 
that discharges of the electric fluid in the . 
 phere de exhibi light ; and for this and oth me 
sons which might be advanced, it is consider 
most beyond a doubt, that the {ight of the I © 
 Boreatis, as well as that of falling stars, ul 
Larger meteors, is electric light” solely, and Wnd* * 
there is nothing of combustion in any of { 
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Mr. John Dalton, in the treatise which I men- 
ned in the seventeenth Lesson, has handled this 
ject in a very curious and philosophie manner: 
has proved, from mathematical demogstrations, 
ben Aurora Borealis ate 
lindrical, and parallel to each other, at least, 
a moderate extent of country: he also ob- 
es, that these beams are all magnetic; and in 
1 he gives very conclusive reasons to thew, 
t the phænomenon we are speaking of is a mag · 
ic one, and that its beams are governed by the 
th's magnetism. | | 4 

Part of the reasoning of this very ingenious gen- 

an I shall here make use of; referring the reader, 
more on the wbject, to the book itself. We 
under the necessity of considering the beams of 
Aurora Borealis of a ferruginous nature, be- 

se nothing else is known to be magnetic, and 
quently, that there exigts in the higher regions 
the atmosphere an elastic fluid partaking of the 
perties of iron, or rather of magnetic steel, and 
t this fluid, doubtless from-its magnetic property, 
mes the form of cylindric beams. It should 
too, that the rainbow-like arches are a sort of 
ps of the same fluid, which encompass the earth's 
hern magnetig ; pole, like as.the parallels of la- 
ie do the other poles; and that the beams 
nged in equidistant rod round the same pole. _ oi 
fit view, indeed, it seems incompatible wich | 


known laws of magnetism, that a quantity of 
H 2 | n. 
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magnetic matter should assume the form of of 
rings, by virtue of its magnetism ; but it may k 
place in one case at least, if we suppose the ring 
tuate in the middle, between two rows of beam 
that che attraction on each side may be equal. 
for the beams, in their natural state, when not x 
upon by causes hereafter to be mentioned, þ 
_ must all be guided by the earth's magnetim 
mean the cause that guides the needle, wheth 
be in the earth or air, I know not,) and « 
quently all have their north poles downward; 
whether any two neighbouring beams have the; 
of the same denomination, or of different de 
nations, acting upon each other, still the effec 
de the same, and their mutual action upon 
other will not disturb their parallelism, nor the 
sition of the rings; because, whether the pole 
tually attract or repel each other, it is of 10 
ment in this case, and the attraction of each pi 
_ alike upon the rings.” - 
„ 'Things being thus stated, I moreover's 
that this elastic fluid of magnetic matter 8 1. 
pourized air, an #mperfect conductor of elect 
and that when the equilibrium of electricity i 
higher regions of the atmosphere is disturi 
concave that it takes these beams and rings # 
ductors, and runs along from one 1 
heavens to another, 2 all the x 
_ ofthe Aurora Borealis.“ fs. 
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ON LIGHT AND COLOURS. 


Behold the Light emitted from the sun; 
What more familiar, and what more unknown? \ 
While by it's spreading radiance it reveals 
All nature's face, it still itself eonceals. 
| BLACKMORE. 


f 


God $aid,—let there be Light :—and there was Light, 
| = 2.2" obo 


had ever met with. The chief beauty of it 
ns to consist in a striking declaration of the als, 
hty power of Gop: from this passage alone 
might infer, that to will, to speak, and to- ac- 
plish, is all one with the Drirv; being an 


d be imperfect. In the sacred record it is next 


indeed we have the greatest reasons for thinking 
How good must that Light be, which enables 
behold the heavens beaytified with stars; and 

n by 


HE famous Longinus, in his treatise on the 
lime in writing, produces the above passage of 
inspired historian, as one of the most beautiful 


ntial part of his attributes, without which he 


that «+ Gop aw the Light, that it was good!? 


- 


motion, and make its effects perceptible. \ 
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by means of which we can look around us, 
trace the numerous wonders of the earth wei 
habit, raising in our minds the most exalted id 
of the divine perfections! We may also here 
serve, that the all-wise CREATOR has 50 divideday 
time into day and night, Light and darknes, t 
we may never forget that all things in human 
are mixtures of good and evil. Heaven is ai 
be all Light, and hell is as frequently rep 
to be utter darkness: wherever ho favour af 
shines, there is light; 


| Pls provence give earn] days | 
And makes eternal rest: 


but his absence and anger create darkness. 
By Light, I would wish to have understood, 
principle by which objects are made perceptible Wi 
our sense of seeing; or the sensation occasionuil 
the mind by the view of luminous objects. 1 
nature of Light has very long been a fwhjed 
philosophical speculation: the earliest p} 
doubted whether objects became viaible by me 
any thing proceeding from them, or from the 
of the spectator. On this subject, opinion 
atill afloat. It is thought by some, that Light 
be a fluid (per se equally diffused through 
universe; the action of the solar, or other nf 
necessary, according to this hypothesis, to 


are of opinion that Light is a quality, which 6 


EESSON XXV. 157 


xist independently of matter, and which requires 
e assistance of the solar and other rays, to bring 
into action, But as the hypothesis of Vewton 
the most generally received, what I sliall say on 
e subject will be agreeable thereto; though it 
vst be allowed that some formidable n | 
re been advanced against iu. 

The Newtonians maintain, that Light consists of 
great number of © exceedingly small particles, 
own off from the luminous body by a-repulsive 
wer with an. immense velocity, and in all direc- 
dns; hence, Light is produced from. motion: but 
Den as all motion will not produce Light, there- 
re much manifestly depends on the quality of cer- 
in bodies which are of themselves luminous, and 
e the constant and invariable property of emitting 
sending forth these very minute particles: such 
the property of the sun, a star, a candle alighted, 
d all sorts of flame, &c. The velocity of the 


icles of Light is truly astonishing, amounting to 


ne, which is near a million times greater than 
velocity of a cannon: ball: this may be easily 
vved by observations on the eclipses of Jupiter's 
ellites; for when the" earth is between the sun 
| this planet those eclipges will happen about 81 
nutes Sooner, than according to the tables; but 
den the earth is in the contrary position, the 
es happen about 84 minutes later than they - 
mm * 

4 


takes 1 


ar two hundred thousand miles in a second of 
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takes up about 84 minutes in passing from the wx 
to the earth, a distance of 95 millions of mils; 
whence what was just above-mentioned may be & 
duced, 4 — yt 

Since Light spreads itself every way with ad 
incredible velocity, it is evident that if its partic 
were not surprisingly small, it would strike agu 
bodies with great force; this would be very i n 
Tious- to those tender organs the eyes, and 
probably soon cause blindness : but it is founl U hat 
these particles are small, almost beyond e 
for it has been computed that there fly out of i 
end of the flame of a burning candle in A Sec 
of time, ten thousand millions of times more a 
particles, than there are visible grains of sand in 
whole earth: if they were not inconceivably un 
it is certain therefore that the flame Ner- be 
tirely vanished, | 

It is also asserted, that the particles of Light! 
emitted in right lines: which rectilinear motion ii 
preserve, till they are turned out of their pati 
some of the following causes: viz. either by 
attraction of some other body near which they e 
which is called inflection ; or, by passing oblique 
through. a body of different density, which is cal 
refraction ; or, by being turned aside by the 
position of some intervening body, which is d 
reflection; or, lastly, by being totally stopped 
dome body into which they penetrate, and thi 
called their extinction. A successian of these 


"= 


' LESSON XXV. 1865 


icles following one another, in an exact right line, 

called a ray of Light; and this ray, in whatever 

anner its direction may be changed, whether by 

election, refraction, or inflection, always preserves 

rectilinear &ourse, till it be again c changed. It is 

o be observed, that bodies, as they respect the rays 

ff light, are divided into three kinds: 1. Those 

vhich emit the rays of Light; as the sun and fixed 

ars: 2. Those which transmit the rays; as the 

ir, and glass: and 3. Those which reflect them, 

s the moon, the earth, polished iron, &c. The 

rst are called luminous, the second pellucid, and 

he third opaque bodies. It is also to be observed, 

t the rays of Light themselves are not seen; but 

v their. means we see the luminous bodies, from 

xhich they originally came, and the opaque bodies 

rom which they are reflected: thus, for instance, 

hen the moon shines, we cannot see the rays 

hich pass from the sun to the moon; but, by thay | . WM: 

ncans, we see the moon, from whence they ate 

effected. If the eye be placed directly in the me- 

lium, through which the rays pass to it, the me- 

bum is not seen; thus, we never see the air through 

bich the rays come to our eyes. But if a pellucid 

body, through which the rays are to pass, be placed | 

t a distance from our eyes, that body will be sern, | 

is well as those bodies from whence the rays come | | 
hich pass through it to our eyes. For instance, > | 

e who looks through a pair of spectagles, not ogly 1 
ö bodies through them, but also sees the gte 

H 0 glasses; 'q 
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glasses; because the glass, being ,a solid body, mn. 
Hects some rays of light from its surface; and being 
placed at a convenient distance from the eye, my 
be geen by those reflected rays, at the same ting 
mne 
by the transmitted rays. 

The properties of reflection and refraction pro 
duce several curious effects, some of which har 
been noticed in the sixteenth Lesson; and othen 

will be spoken of as we proceed. 

125 Amongst them we must not pass by the phe 
nomenon of the variety of Colours, which are db 
servable all. over the face of nature, seeming ps 
wy adapted to increase the pleasure of mas 
| Colours are nothing else than different cn 
nations excited in us by the variously refracted ray 
of light being carried to our eyes in a differe 
manner, according to the different size, or chaps 
or situation of the particles of which the vurfaca 
of bodies are composed. Colours then, are od 
inherent in the bodies which appear to wear then 
but they seem to arise from a capability or diy 
sion in those bodies to reflect back particular n 
and theee rays powening dilferent dagrets of i 
frangibility produce the effect? thus it is found t 
the least refrangible rays produce the idea of aun 
Colour, re eee, 
— 
we arrive at the opposite extreme of re 
ee e eee 
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The primary Colours are, according to NEWTONy 6. 
seven in number, mann, 4 
a poetical account: A 


— th faing .d  - 
Sprung vivid forth; the tawny. orange nents g 

And next delicious yellow; by whoye side _ 

Fell the kind beams of all-refreshing green; 

Then the pure hae, that wells autunmal skies, 
Etherigl play'd; and then, of sadder hue, 

Emerg'd the deepen'd indico, as when. | 

The heavy - skirted evening droops with frost; 

While the laze gleamiogs of refracted Lib: 
Dyd in the . A rape. 


Thus you have the regular gradations from one 
Colour to another laid before you, agreeably'to the 


hypothesis which supposes the number of primary . "WM 
Colours to be seven: but it is vet a matter of dis- 
pute whether there are seven primary Colours, | 
or whether their number is greater ar less han Y 
even. Many persons assert that there are bur 
three primary Colours; but it is very evident that 
they afhx an jdes to the term totally different from 
He calls the Light whose rays are all alike refran- 
gible, s!mple, homogeneal,” and primary and he 
Shews that Calouts may be produced by compost- 
tion, whick shall þe lite to the Colours of homo- 
geneal Light, as te the appearance of Colour, but. - i 
not as to de Ry OT "2 
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orists above spoken of is, that the primary Colonrs 
are red, yellow,-and blue, because, of proper mix- | 
tures of these three Colours, all others may bd 
formed ;—it would be a neediess multiplication of 
words to shew, that Newton and they * 
the subject in different points of view. 4 

To have a familiar notion of the bs of 
Colours, let the following experiment be tried: 
any time when the sun shines, standing in the 
open air, let the bowl of a tobacco- pipe be filled 
With a lather of soap and water; then, gent 
blowing at the other end, a large bubble will arise, 
which let remain suspended at the top of the boni; 
then let two or three persons carefully obserde the 
different Colours, as they arise in the bubble; and 
they will perceive first red, then perhaps blue, or 
orange, green, mdico, violet, and in short, here 
and there, all manner of Colours; even rhite, i 


perhaps at last a sort of Fact”. TR 
”-q 


4 4 
0 5 | _ —_— , 
- '® The following curious and useful remarks on the dieren * 
degrees of heat imbibed from the aun's rays,' &c, by cloths d ligt 
as | 


different Calours, were extracted from e Experiments and Ob 
gervations” by that famous American philosopher and politicah 
Dr. B. Franklin. 

« First; Jet me mention an experiment you may easlly 
yourself. Walk but à quarter of an hour in your garden 
the sun shines, with a part of your dress white, and a part das 
then apply your hand to them alternately, and you will 
very great difference in their warmth. The black will be 


a 
« 2 = 8 — 
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| £4 : 
It may be observed, that black and white ate 
never reckoned among the primary Colours; for 


« Another, Try to fire paper with a burning glass. If it be 
white, you will not easily burm it —but if you bring the focus 
e 
will immediately be on fire under the letters. * N | 
« Thus Fullers and Dyers find black cloths of equal * 
with white ones, and hung out equally wet, dry in the zun much 
$ooner than the white, being more readily heated by the sun's 
rays. It is the same before a fire; the heat of which sooner pe-. 
netrates black stockings than white ones, and is 80 apt sooner to 
burn a man's shins. Also beer much sooner warms in a black 
mug iet before the fire, than in a white one, or in a bright ailver 
tankard. 

« My ö I took a number of little square 
pieces of broad cloth from a Taylor's pattern card, of various 
colours, There were black, deep blue, lighter bue, green, pur- 
ple, red, yellow, white, and other Colours, or shades of Colours, 
1 laid them all out upon the snow in a bright sunſhiny morning. 
In a few hours (I cannot now be exact as to the time) the black 
being warmed most by the sun, was sunk 80 low as to be below 
the stroke of the sun's rays; the dark blue almost as low, the 
lighter blue not quite 80 low as the dark, the other colours less 
as they were lighter; and the quite white remained on the sor- 
face of the now, not having entered it at all.” | 

What signifies phllccophy this dons bt apply is tows ag ? 
May we not learn from hence, that black clothes are not 80 fit to 
wear in a hot sunny climate, or season, as white · ones; because, 
in uch clothes the body is more heated by the sun when we 
walk abroad, and are at the «ame time heated by the exercize, 
which double heat is apt to bring on putrid dangerous fevers? / 
That toldiert and $camen who must march and labour In the cum, 


* 


i 
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black cannot with propriety be called a VER it 
being a deprivation of all Light, because the sub- 


a mall wheel with a broad rim, which let be di- 


with much acuteness and attention by Mr. Di From 2. 
niety of well nnn 
that Calpurs are exhibited, not by reflected, but by transwit 


ing bless, the reader mays: be refenys $6 the Mani: 17 K 
e taaNgy 


stance stifles all the rays: but white, on the con- 
trary, is comprehended of all the primary Coloum 
in one, as may be proved experimentally, by taking 


vided into 360 equal parts; then let 45 af che 
parts he painted ed; 27, orange; 48, yellow; 50, 
green; 60, blue; 40, indico; and 80 of violet; 


should, in the East or West Indies have an uniform of white? 
That summer hats for men or women, ahould be white, as re- 
polfeg tht ane which gle hood god to amy tn yang 
fatal stroke that the French call the Coup de Soleil 
ladies summer hats, de eee 
reverberatiotg on their faces those rays which are reflected ypw 
from the earth or water? That the putting a white cap of paper 
or linen, within the crown of a black hat, as some do, will not 
keep out the beat, though it would if placed without? That froit 
walls being blacked may receive so much heat from the zun is 
the day time, as to continue warm in some degree, through the 
night, and thereby preserve the fruit from frosts, or forward in 
growth? With snndry,other particulars of less or greater impor 
ance, that will occur from time to time to attentive mind? 

Many other properties of bodies of different Colours, may W 
found in various parts of Sir Iiaac Newton's optics. - 

The subject of Light and Colours has been Iatply cangilevt 


Light, Far — of thip curious. and invre? 


* 
NA 


LESSON XXV. 1 


ing in all 360: if this wheel be whirled swiftly 
ound, the rim.will appear as though it were painted 
ff the purest white. It is pretty generally admitted 
it the whiteness of the sun's Light is owing to a 
ixture of all the original Colours in a due propor- 


ness in other bodies is a disposition to reflect all the 
ys of Light in the same proportion and order as 
ey come from the sun. 

My young readers will, I doubt not, after attend 
g to what has been advanced in this Lesson, readily | 
nite with me in acknowledging with gratitude and 
yy, the great utility and benefit of Light. For by 
e help of this admirable, this first made creature 
f the Deity, we are enabled (as before suggested) 

o behold many other of his glorious works: we can 
iew with admiration and pleasure the beauties of 
ie flowery fields, the gay attire of the feathered 
ibes, the exquisite and well adapted proportions of 
any insects, quadrupeds, and other creatures; we 
dwell with rapture in the contemplation of ex- 
naive landscapes and diversified prospects; we can 
ce enough to be convinced of the great harmony 
ad beauty of the lower part of creation; and W 
n extend our views to the heavens, and thus sur- 

y God's wonderful akill and conwivance 80 clearly 
mifested in every part of his great workmanship. 


© 4 > 3 +; =, *. 4% mh. rod Mow 
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ion; and hence it is naturally concluded, that white= 
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7 ON THE RAINBOW. 


— 
* 


* 


MARY * 


Refracted from yon eastern cloud, 
Bestriding earth the grand etherial bow 
Shoots up immense, and every hue unfolds, 
In fair proportion running from thered, | 
To where the violet fades into the k y. Tron. 


. 0 4 


[ 


D OUBTLESS you have frequently beholden ua 
beautiful appearance known by the appellation (RN 
the Rainbow or Tris; and have observed it bending 
across the sky in a graceful and majectic fig 
painting the arched vault with a pleasing variety 0 
beautiful colours: when this is viewed by the phil 
sophic eye, it immediately stirs up an inclination v 
search for the cause of 80 curious and pleasing 


phænomenon. tion 


Noc the playful boy ; 46 
He wondering views the bright enchantment dene, 7 
Delightful, o'er the radiant fields, and runs duc] 
To catch the falling glory; but, amaa d, Aro 
Behold th' amusive arch before him ay, : the 
Then vanish quite away, rue ni 


/ 


* 


By : a perusal of holy writ you will discover, chat 
he Rainbow was first placed, and is still at times 
een in the clouds, as a pledge of inviolable fidelity 
and infinite mercy; assuring us that, While the 
earth remaineth, seed-time and harvest, and cold 
« 2nd heat, and summer and winter, and day and 
* night, shall not cease. How gracious and be- 


a covenant of kindness and mercy to his creatures ; 
ad that too, in such a manner as to raise pleasing 
ensations in every heart, and charm every be- 


holder! 


To account for the pte of the Rainbow, 


but in the time. of rain, or near it; and when 
the sun shines. Vou will understand then, that 
when a ray from the sun falls upon a drop of rain in 
a cloud, if it enter the upper part of the drop in 8 
roper situation, it will, by refraction be thrown 
upon the inner surface of the back part of the drop; 
from thence it will be reflected to the lower part of 


actions, may come to the eye of a spectator, hose 
back is towards the sun, and his face towards the 
urop. When rays which are effectual, emerge from 
the dropafter one reflection and two refractions, those 
wich are most refrangible, will at their emergion, 
make angles with the incident rays, different from 
| * chose 
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nevolent must that BEING be, who so often renews 


e are in the first place to consider, that it is never 


ke drop, at which place undergoing a second reffacs 
tion, it will be bent towards the earth: and thus 
721s of the sun, after one reflection, and two re- 
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hose which are least refrangible; by which meas 
the rays which produce the senaations of differen 
colours will be separated from one another. Hence 
it may be easily perceived, that some of the falling 
globules may be in that position which will cam 
the rays that produce a red colour to fall upon the 


eye, —others next to them below will send fort: 


orange- making rays, the drops next to them wil 
cast the yellow-making rays,—and those sve- 
cessively in order below them, will refract te 
blue, indico, and violet-making rays to the eye 
and thus, in a certain space in the cloud, all the c- 
lours will appear: and since, under the same angle, 
the same phænomena will be produced, therefore u 
arch of this various. coloured light must necemariy 
be produced in the clouds. 

The different cizes of the Rainbows depend e- 
tirely upon the height of the zun at the time: for 
when the sun is in the meridian,.or highest altitude, 
the bow will then be least to our sight, being but! 
small segment of a circle; but as the ann gets love 
and lower, the bow will- increase in height; af 
| when the sun is in the horizon, or just setting, a bon 
er that time in ne as it cn be. being vary 97 
gemicircular. | 


With regard to the pare of the «ky. in which # 


Rainbow appears, when I say that it is al 
opposite to the aun, I present you. with an invariad 
rule where to find it: and this is an additional rea 


far concluding, that the appearance. nnen! 


4 ; 
4 - 
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fi rays of the sun_ahining upon the faling drops 


of rain. 
There is also often seen a fainter coloured bow, 
commonly called a water-gall, above the Rainbow, 
and here it will be found, that the colours are in a 
contrary position to what they are in the bow itself: 
hence it is evident, that this is a kind of reflection 
from the Rainbow, or a double reflection from the 
drops of rain; and as a considerable quantity of 
light is lost at each reflection, it is plain that the 
colours in the superiour bow will be more dilute 
and faint than those in the lower. ; 
The nature of the Rainbow as here explained, 
may be illustrated and confirmed by experiment in 
xveral different ways. Thus, for example, hang up 
2 glass globe, full of water, in the sun- shine, and 
view it in auch a posture, that the rays which come 
from the globe to the eye, may make an angle of 
about 42. with the 8un's direct rays, and you will 
tee a full red colour in that ade of the globe oppo- 
Site to the sun: and by varying the position 80 a to 
make that angle gradually less, the other colours, 
yellow, green, and blue, will appear very distinctly, 
in succession, on the tame side of the globe. But 
if, by raising the globe, the angle be made about 500 
there will appear a red colour in that aide of tho 
globe which is toward the sun, though somewhat 
faint; and if, by raising the globe still higher, the 
4 er 
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cessively to the other colours, yellow, green, FP 
blue. 

Or, the appearances of the Rainbow may be 
exhibited in a very natural and beautiful manner 
any day when the sun shines, with the assistance of 
an artificial fountain, or jet d'eau, which | is 20 
instrument expressly intended to throw up stream 
of water to a great height; these streams spreading 
very wide in their upper part, when falling, form z 
delightful shower of artificial rain: when the foun- 
tain is playing, move between it and the sun, ata 
proper distance from the fountain, until your shadow 
points directly towards it; then looking at the 
shower, you will observe the colours of the Ran, 
bow, very vivid and strong,—those-of the water- 
gall very languid and faint, the gradations of the 
colours of each in an inverted order: and, what for- 
cibly shews the deceitfulness of vision, the bows 
appear, notwithstanding the nearness of the artificul 
shower, to be as far off, and as large, as thosẽ which 
we really see in a natural shower of rain. | 

A similar bow is often observed among the ware 
of the sea, the upper parts of the waves being blown 
about by the wind and so falling down in drops: 
this is called the Marine Rainbow. This appeat- 
ance is also sometimes seen by moon-light, though 
seldom vivid enough to render the different coloun 
Aistinguishable; this is called the Huna!Rainbou 
Rainbows are even sometimes seen on the ground 


when the sun shines on a me thick dew; All thes 
: | us 


— 
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are of the same nature, and are produced by the 
zame causes as the common Rainbow *. 

When we consider what a wonderful scenery of 
nature is here displayed; and yet, recollect, that 
though these variegated beanties are the common 
objects of vision, how few there are that under- 
stand the reason of them, and how much fewer are 
any ways anxious about them: surely those who 
think the doctrine of colours, &c. highly worthy of 
contemplation, and who are aware that the know- 
ledge of their causes is truly adorning to a reasonable 
mind, ought to be thankful that their natural genius 
enables them to understand such studies | 


I cannot forbear adding a note in this place, to state a fact 
which is not universally known: 4 piece of iron ben heated 
anumet all the colours of the Rainbow, befors it becomes red-bot. 
This extraordinary COTA ATI been tatis- 
. . 
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ON HALOS AND PARHELIA. 


— 

As When two guns appear in th azure «ky, , , 
Moutted in phcebus* chariot flerle brightez: : F 
Both darting forth faire beams to each man's ey, 


And both adorn'd with lamps of flaming light, "y 
All that behold euch strange prodigious sight, 
B Not knowing nature's work, nor what to weens re 
Ta Are wrapt with wonder, and with rare affrighte. | ol 


* 
- 


In ] 


9 


— — _ 
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| Turn remain yet two appearances caused ppi 
the reflection and refraction of light, to be desert os. 
and accounted for: the first, known by the named 
an Halo or Crown, is very frequently seer with 
creating any degree of surprize; the other, called 
Parkelion, Parhelium, or mock sun, is but ve ce 
seldom observed, and as it is a curious phaznoment cte 
it is not to be wondered at, that it is, among 
common people, considered as portentous: to a & 
$cription of each of these I shall now proceed. 
And first of Halos, or Corone, which are Me,! 
loured circles, or rather ovals appearing round the ſ 
of the un and moon, also some of the larger «Wn: 
| , e 
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particularly the planet Jupiter, Halos roma the 
tun or moon, generally appear oval and excentric to 


ow the luminary than above it; this probably is a 
kception of vision, arising from the apparent con- 
ave of the sky being less than a hemisphere. Those 
about the moon are often very large, and when scen 


We shall have a change of weather soon, for 
there is a bur round the moon: perhaps their ob- 
o m 1 
oundation. 

Philosophers sometimes conceive Eos to arite 
om a refraction of the rays of light in passing 
hrough the fine rare vesiculz of a thin vapour to- 


ds che upper parts of the atmosphere. But an 
pinion more generally received, is that which sup- 


nil, composed of two different parts, the one of which 


id the reflection from these producing the appear- 
ces: this is the more probable when it is recol- 
cted that they are only deen in frosty, rhimy, or 
Ny weather. 

There are several ways of exhibiting phenomena 
r to those of halos: thus, the flame of a 
+ placed in the hd of a steam in cold weather ; 


© of the window, in each of these efreurmitances 


1 t j V 
| 


the luminary, having their longest diameter per- 
xendicular to the horizon and extending farther be- 


boxes Halos to be formed by small round grains of 


transparent, inclosing the other wich is opaque, 


placed at the distance of some feet on che other 
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will appear to be encompassed by a coloured Hil 
Also, when the window of a room is encrusted org 
with a thin plate of ice, the moon seen through x 
will seem surrounded with a f and variow 
coloured Halo, 

' Parhelia are far more rarely seen, ; but their a 
pearance is wonderfully. curious: their apparent sy 
is generally the same as the true sun; but they ax 
not always. round, nor always 80 bright as the am; 
and when several appear, some are. brighter thy 
others. They are tinged externally with colow 
like the. rainbow, and many of them have a loy 
fiery tail, opposite to the sun, growing paler town 
the extremity. These tails mostly appear in 
white horizontal circle, commonly passing thro 
all the parhelia, and would go through the centred 
the sun, if it were entire. 

We have on record, an account of Parhelia x: 
at Rome, in March 1629: at this time four » 
observed, one of which was very much Cad j 
various colours like the rainbow; and the out 
more faintly so. Some were. also observed 
Cassini, in 1683. In England and Scotland, u 
have frequently been seen at a time. In N# 
America they are often seen, and continue 
hours, nay sometimes for several days, being vi 
from sun; rise to 8un- set: when these disappeat i 
or snow is there generally expected. 

M. Huygens, on applying his attention to lk 
appearances, was soon sensible that they could 
arise from such globules as formed the Halos; 
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ce Parhelia are always attended with Halos;'he 
is satisfied that their causes must be much alike. 
onsidering, then, what other figures hail-stones 
icht possibly have, besides a spherical one, lie 
uld find no other so simple as that of a eylinder; 5 
d indeed, he had often observed, that zne¾ n did 
ist of several slender r oblong particles, mixed with 
e of other shapes: and seeing that small globules 
re sufficient for the production of Halos, he 
agined that a great number of small cylinder 
ating in the air, might produce similar appear- 1 
es. He also remembered that Descartes had 
ken notice of certain small columns, which he had 
n lying on the ground, the extremities of which 
re bounded with flat star- like figures, consisting of 
rays. N a | 
The large white horizontal circle, observed in 

e of these phænomena, M. Huygens supposed 
de produced by the reflexion of the sun's rays 
dm the outsides of the upright cylinders; sincę, 
en the sun shines upon a number of such cylin- 
rs suspended in the air, a white circle must neces- 
ily appear to pass through the sun parallel to the 
1zon, This he shews very distinctly by a large 
we of a cylinder, and by pointing out the pro- 
5s of the sun's rays reflected from it. For. every 
int of the sun's vertical diameter, as well as his 
ter, will illuminate a circle of cylinders, of the 
ne apparent height as the illuminating point. —lt 
biervable that no thick clouds are seen in the air 

I when 


| 
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when these circles appear; but only such as are yer 
thin, and scarcely visible. For in mot of these ob- 
servations the sky is saĩd to have been very clear aul 
serene; which very well agrees with this hypothesy; 
since these minute cylinders must · constitute a vey 
thin cloud uniformly extended; through which f 
hi ad; even the Ne ny 


Seen... 


The n of Huygens's auen from 
which the above hypothesis is deduced, is much to 
long to be given in this place: those of my you 
readers who wish to peruse it, are referred to du 
xi book I. Dr. Smith's Optics. 


54 


Fire, thou swift herald of his face, 
Whose glorious rage at his command, 
Levels a palace with the tand, | 
Blending the lofty tpfret in rain with the bab 

Ye heavenly flames that dinge tho air, 
Artillery of a jealous God: 

bright artows that his svhEnding quivers bear, 

To scatter deaths abroad: 

Lightnings, adore the sovereign arm that flings | 
His vengeance, and your fires, upon the heads of kings. 
wre. 


we e will now make a transi- 
to consider the nen nature, and effects, 
dat wonderful agent of nature called Fire : and 
we shall find numerous reasons for i increasing 
ititude and love to the beneficent POWER who 
ced so astonishing an element chiefly. for our 

If there were no such thing as fire, in what 
Id the earth we inhabit, after the setting of. 
Sun, covered with cloudy and nocturnal va- 
differ from the mot dismal subterraneous 


n would be able to dispatch any kind « of busi- 


12 one 


and dungeons? Since during such time 


x 


neither would he have the temerity to move 


* 


stomach. Nay, we may be easily convinced, tht 
neither corn, nor flesh, nor several of the fruits 4 
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one foot forwards. Without fire,” which by ty 
means of candles, lamps, torches, and the lite, 
affords us light in the greatest darkness, wig 
difference would there be between our condition 
and that of men who should be blind half their lik 
times? Without fire, greater part of che produc 
tions of the earth, which serve mankind for fool 
for refreshment, or for dainties, would be absolutth 
unfit for those purposes; as several of them coil 
neither be chewed by the teeth, nor digested by ts 


the ground, nor of trees, would, without the held 
fire, be of any service; but would turn to ac 
unwholesome nourishment. xk” 

Again, - would not the dreadful cold of wints 
if not moderated by fire, be-the mean of gh * 
whole countries, and of freezing to death m 
ef men, women, and children? And, , again4 
there were no fire, though che mines of iron, & 
were more numerous than they are, of what ut 
would they be? Since, without its aid, they cou 
not separate the metal from the ore, nor 7 | e pr 
means make those instruments for agriculture, ated 
and manufactures, which we now have io dat 


abundance. mine! 
For the sake of a supposition, let us indes | wh 
we were in a state, continually without light, « UT 


out warmth, without any method of 51 | thes 
food for sustenance, without all the convet onside 
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hich metals (and principally iron) now affords us: 
et us suppose, I say, that in such a situation we re- 
cived information that a person had invented a 
atter, by the help of which all these defects and 
ants might be supplied: I would only ask, if we 
hould not, under such circumstances, entertain very 
igh ideas of the wisdom of the inventor? 

The ingenious young reader will know how to 
pply this conjecture 'and quesflon, without any 
arther comment upon them. 

By Fire is here to be understood, that cubtile ; in- 
ible cause by which bodies are made hot to the - 
duch, and expanded or enlarged in bulk; by which 
vids are rarefied into vapour; or solid bodies be- 
dme fluid, and at last either dissipated and carried 
fin vapour, or else melted into glass. It seems also 
d be the chief agent in nature, on which animal 
nd vegetable life have an immediate dependence. 
Fire is distinguished into two kinds; as it is in 
def, called Elementar Fire; and as it is joined 
ith other bodies, called Culinary Fire. Fire, 

e or elementary, such as exists in itself, is what 
e properly call Fire, and has lately been denomi- 
ated absvlute heat.” Common, or culinary Fire, 
that existing in ignited bodies, or excited by the 
mer in combustible matters, the minute particles 
which joining with the pure Fire constitute 
ame, Some of the effects and properties of each 
these kinds of Tire, let us now — 55 
Nnsider, 
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Pure Fire is of itself imperceptible, * 
discovers itself by certain effects which, it.prc 
in bodies, which effects are ogly learnt, by ol 
the changes that arise in those bodies, me 

effect of elementary Fire on bodies is Heat, . 
arises wholly from Fire; and in such manner at 
the measure of heat is always:the. measure of Fi 
and the measure of Fire is that ef heat. 
second effect is gilatation in. most solid bodies 
rarefaction in all fluids, That both these ae 
separable from heat, is eyident from numerous & 
periments. An iron rod, or bar being heated, i 
cases in all its, dimensions; and the mpre 30 ah": 
is farther heated: ypon expoging it to the old ag 
it contracts, and.returns,uccesivgly through al 
degrees of its dilatation, tillitarrives Stat 
The like js.gbgerved.to. take. place in dhe! * 
all, bodies, gold, which when .fused rakes wp 
pace than, befqre; and mercury, the heaviet 
uids, has been kKnqpyn to ascend in a narrow 
Ger the, fxe, zo abqyethirty;times its height, 
The Jays gf this, chanzion are, I, That UNE "* 
Ame degree; of Fine rarchies Hyigs sooner, and | 
greater degree than it does solids. . The lpny'” 
dhe fluid, che more it is;dilated, by;Fire. Thw 4 < ! 
che lightest, of all known fluids, hands the 
and next after, air, gpirit of wine. Certain m 
que so. much, rarefied , by even, a, moderate heat, | 
hey en, to ove a Jhejr aperific guar ® 33 
come, at least, specifically lighter than all gn”? 


440 


LESSON XXVII. 175 


ing bodies; hence these substances, when heated to 
certain degree, are raised as bodies would be with- 
ut gravity. Substances -which have this 

ire called in general volatile substunces. Other 
zodies are so little dilatable by Fire relatively to 
cir density, that the greatest heat which can be 
iven them produces scarcely any sensible diminu- 
ion of specific gravity: these, being almost un- 
lterable in this respect by Fire, are called fized 
ubslances. - 

The third effect of Fire on bodies, is motion; for 
ire, in warming and dilating bodies, must of ne- 
exity move their parts. Upon the absence of only 
certain degree of Fire, all oils, fats, waters, wines, 
es, spirits of wine, vegetables, and animals, be- 
dme hard, rigid, and inert; and the less che degree 
Fire, the sooner and more violently is this in- 


zee of cold, and all Fire were absolutely taken 
ray, all nature would be converted into one con- 


on the application of Fire, it would recover Its 


e is attended with a proportionable er 
tion, and the contrary. . 

All che above- mentioned effects of cy 
re, may be increased various ways: First, by 
rition, or a swift agitation or rubbing of one 
ly against another, This is apparent in solids; a 
lent attrition of a flint and steel, it is well known, 
- 10 4 will 


tion made. Hence, if there were the greatest 


— 


ete body, solid as gold, and hard as diamond; but 1 


mer mobility: eonsequently, every diminution of 
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will produce sparks: and Fire may be produg 
with great facility, by the vehement rubbing 
gether of two pieces of dry soft wood. S0 al 
fluids, cream by long churning, to separate the| 
ter, will grow warm by insensible degrees. 
. hagve is of opinion, that all the heat of an ani 
is owing to the agitation and attrition of the py 
. of its juices against each _ and n the v 
of the vessels. 
The second manner of increasing the effect 
pure Fire, is, by throwing a quantity of mois! 
green vegetables, cut down while full of ap, 
a large heap, and pressing them close down. 
result of which is, that they grow. warm, then | 
they next begin to smoke, and n will ba 
. out into Flame. 
The third way is, by the mixture of certain 
bodies. Thus, for instance, take two dram 
strong and ſresh spirit of nitre prepared with dc 
vitriol, and putting it in a clean and dfy ali 
set it under a chimney; then put to it at once ny en 
the oil of cloves one dram, there will be produt TeS1 
immediately a loud noise and a considerable e 
A similar effect may be «produced from dry bod 
thus, pure sulphur and steel · filings well ground 
mixcd in equal quantities, with water suficied 
make them into a dry paste, and laid an hour a 
any where, even under ground, will smoke ant 
4; flame. 856 1 
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The fourth method of increasing the effects of 
pure Fire, is by Phosphorus, which is a kind of 
Fire magnet, prepared from the parts of animals, 
which imbibes and retains Fire for many years. 

But in whatever manner Fire is collected or in- 
creased in bodies, upon a cessation of the collecting 
cause, it soon disappears again, unless it be supplied 
with a pabulum or fuel; and in this case it becomes 
culinary Fire. 

By Pabulum, or fuel of Fire, is meant hm 
receives and retains Fire, and is consumed, or at 
least rendered insensible thereby. The only pabu- 
tun in nature is the phlogiston of bodies; and bodies 
are only fuel on account of the oil or phlogiston 
they contain. Oil and sulphur were names which 
the ancient chymists gave indiscriminately to sub- 
tances, into the composition of which a great quantity 
of what the modern chymists call phlogiston enters. 

Hence, all vegetables, not too moist, nor too dry, 
alford sheh a pabulum; particularly, those which 
contain the greatest quantity of oil, as balsamie and 
resinous woods. All vegetable and animal coals 
die a proper pabulum for the maintaining of Fire, 
as being only the parts of vegetables and animals, 
which, have exhaled their water and salt, and re- 
taned the oil alone, inhering in a black ſorm in 
their earth.— All fossil and bituminous earths and 
turts; all mineral xulphurs, whether pure, or joined 
wich earth, stone, or metals, as pit-coal, &c. the fat 
and dung, of animals; and several productions of 

FI chi 
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chymistry, as,oils and inflamegble gpirite, Afortaly 
.® proper, pabulum of Fire. en 

The Eire which burns combugiible|hodies, re- e 
quires air to sustain it; which taken away, the hie 
is immediately dissipated; as appears from experi- pb! 
ments in vacuo: except in the case of gubstancy 
into the composition of which nitre enters; for ther 
will burn v vacuo, in fixed air, and under water, a 
is evident in some rockets which are made for ts 
Purpose. — 

Shining or luminous Fire, seems to de elementay WW: 
Fire, attracted towards the part of the -sulphur on 
oil, with such force and velocity, as to move i. 
shake them very violently, divide and attenuar Wo : 
.them, and thus render them volatile, and ready urin 
de expelled; while in the mean time the air havag 
a tendency to restrain and keep them in, direct 
. them to the sulphur, and keeps them still collectsl 
in their place or pabulum, while the combustidi 
matter is used all around. Flame is, y mut, 
thought to be nothing but a thick sulphur, agitatel 
as before, by elementary Fire; eo that the Fuel 
eee 

. has denuaigdedk 
time, been disputed, whether ãt arises from a violet 
motion of the parts of any body; or whether it bt 
a fluid of a certain kind, different from all athes: 
as it does not appear that the dispute is yotbrougs 
rer WRT" — 
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ended with much advantage to give you the argu- 
nents in favour of one opinion, without adducing 

ose in favour of the other (which the limits I am 
bliged to prescribe myself, prevent me from doing) 

hall detail none of „6 
he subject. 

When we consider chat the anc) es is 
most every where present and to be met with: 
namely, in almost all plants, especially such as con- 
ist of wood, and compose whole forests; in the 
ones of animals; in their flesh, and in their blood, 
is evident, because when dried they will burn; in 
d many minerals; in ſenny grounds; in coals, . 
rimstone, and saltpetre; nay, even in stone; also 
n the bowels of the earth to a copious degree: 
hen we consider this, I say, and remember the 
ischievous and powerful effects which it has oſten 
oduced; we could not (though: it is a0 useful to 
) reflect upon it without horrout, if we were not 

red that there is an over-ruling Power, which! 
olds it safely, and restrains it from evil. 
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ON WATER. 


v e, whose vital moisture yields 
| Life” s purple stream, and fresh Supply, 
Sweet waters, wand' ring thro” the flow'ry * 
Dr dropping from the sky; ö 
| Contes the power whose all- sufficient name, 
| | a TELE nner 


7 wATTh t 

FTE tir . a 
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I any such person as an Atheist should pem of 

| chese Lessons, if he be not yet convinced of N 

| existence of a DEITY, let him pass on with me | pe 
the contemplation of N. ater; and here I may wa 

ture to say, that he will at least agree with me ue we 

I assert, that if there had been no such thing the 

Water in the world, all mankind, and almost all! par 

ing creatures, even in the midst of a superfluity ny day 

air and other food, would certainly perish in a it Cre; 

short time; since thirst, if it be not extinguished N cert 

quickly fatal: all men, and the greater part of WR cnc 

animal kingdom, being unable to exist without a hin 

But it may be also observed, that even if it flow 

possible that men, and other creatures, could 6 5 


TU 


* 6 ” of x 
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without drinking, their condition would still be very 


miserable without Water: for without its nourish- 


ment, neither grass, nor plants, nor trees, would be 
able to spring out of the earth; the consequence of 
which would be, that animals, and consequently 
mankind, would be deprived of food, as well as 
drink, whence death must speedily follow. From 
these passages I would not wish to have it inferred, 
that it is not in the power of the ALMIGHTY to 
furnich us with a substitute for Water; this the 
reader may easily judge is not my intention: my 
only design is, to ask, if these things be produced by 
chance as Atheists assert, how it comes about that 
this same chance is always on our side? For, it 
appears very odd to me, that it is owing to mere 
chance, that creatures in general, have the faculty 
of supporting their lives by Water, and like wise that 
Water has, by a very lucky hit, acquired the pro- 

perties which are necessary for that purpose! 1 -, 
From the Mosaic account of the creation of the 
world, we learn, that the division and partition of 
the Water into proper channels and courses, was 
part of the workmanship of the second and third 
days; we there also learn, that the business of the 
creation was compleated in six days. God could 
certainly have spoken the whole world into exist- 
ence in an instant; but his love for his Features led 
him to consult their happiness, to make their felicity 
flow from their duty: for the regular inanner in 
which He was pleased do create all things, points 
5 out 


4 


— 


namely, chat we sheuld: so regulate the manner of 


lower; but fluid and volatile in every degree of het 
above that; when pure, or freed from heterogene- 


«cording to the purity of the Water and 


when confined in the strong metallic vessel, © 
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cut to us a lesson which chould never be forgotten: 


spending our time in this world, that the perform- 
ens of onAnty, may; not nnn. or obstruct 
another. 

Water is defined by most n a clexr, 
insipid, -colourless fluid, coagulable into a-trangys- 
rent solid substance called ice, when placed in a 
temperature of 32 of Fahrenheit's thermometer, or 


ous particles it is reckoned, * the en on M 
of the four elements. 8 

rl bakg ed B 
duced into vapours and dissipated, when exposed u 
the fire, and unconfined. When heated in an opa 
vessel, water acquires no more than a certain de 
terminate degree of heat, whatever be the intens 
of the fire to which it is exposed; which great 
degree of heat, is when it boils violently. It m 
been found that che degree of heat necessary . 
make Water boil in an open vessel, is variable, ate; 


of the atmosphere. The requisite degree of hea! 
generally between 203 and -214* of Fahrenhe 
thermometer. When the pressure of the air u 
moved, Water will boil with 90 of heat. W $1bl 


Papwm's digester, may be heated 50-intensely. # 
alieso]}vc most carths and to fuse metallic bodies- 
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Next to Fire, Water is found to be the most pe- 
netrative of allibodies, and the most difficult to be 
confined. It will pass through leather, bladders, 
and other substances which will confine air: it Al 
make its way gradually chrongh wood; and is only 
retainable in glass and some metals. Nay, it was 
found by experiment, at Florence, that when shut up 
n a spherical vessel of gold, which was pressed with 
great force, it made its way through the pores of 
he gold, 

Water by this penetrative quality alone, may be 
erred to enter the composition of all. bodies, ve- 
etable, animal, fossil, and even mineral; with this 
arti circumstance, that it is easily, and with a | 
entle heat, separable again from bodies it had 
ited with, —And yet, the ame Water, as little 
phesive as it is, and as easily separated from most 
dies, will cohere firmly with some others, and bind 
n together in the most solid masses; as in the 
pering of earth or ashes, clay or powdered bond, 
= on and then dried and burnt, -when the 
s become hard as stones; though, without the 
er they would have become mere duet er 
+ Indeed, it appears wonderful, that Water, 
a e dees une dissolvent, should ne- 
$ be, in many instances, a great coagulator. 
r 
vible, and therefore non · elastic: but Mr. Canton 
proved by accurate experiments, that Water 


ully compressed even by the weight of the 
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atmosphere. Besides, the diminution of size which 
Water suffers when it passes to a less degree of 
heat, sufficiently shews that the particles of thy 
fluid are, like those of all other known substance 
capable of approaching nearer together. 
But the most remarkable property of Water, s 
that, which has been already spoken of in the 
twentieth. Lesson; the discovery of which, as it 
appears to be one of the most curious and important 
which modern times can boast of, I must again re 
cur to. For this discovery we are indebted to Count 
Rumford, and it is given in his Essays. After prov 
ing in a very satisfactory way, that the particles d 
fluids are incapable of imparting heat 40 each other 
and that when their temperature is undergoing a 
change, an intestine motion is kept up in them, by4 
successive alteration taking place in the specite 
gravity of their particles, he proceeds to shew, ur 
| all bodies are condensed by cold without limit 
= - « tion, Mater only excepted,” and describes Wl thi 
wonderful effects CIOs in ann of ing 
particular law.  - phe 
Though in temperatures . loo Ol tho 
« (says the Count), the expansion of Water w cn; 
« heat is very considerable, yet in the tt 
6 hood of the freezing point it is almost nom che) 
And what is still more remarkable, as it is an H pose 
e ception to one of the most general laws of nat 
with which we are acquainted, when in cod 
i comes widun cight, or ping. ee 


Pg 
++. : 
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« heit's scale of the freezing point, instead of going 
« on to be farther condensed as it loses more of its 
« heat, it actually expands, as it grows colder, 
« and continues to expand more a more as it is 
more cooled.“ | 

After enlarging upon this subject, he proteck 
thus:—* As nourishment and life are conveyed to 
« all living creatures through the medium of 
« Water; liquid, living Water; to preserve life, it 
 re-B © was absolutely necessary to preserve a great quan- 


un © tity of Water in a fluid state, in winter as well as 
.in summer. But in cold climates the temperature 
ot the atmosphere, during many months in the 


« year, is 80 much below the freezing point, 
„ that, had not measures been taken to prevent 80 
« fatal an accident, all the Water must inevitably 
have been changed to ice, which would infallibly 
have caused the destruction of every living thing.“ 
Count Rumford then shews how very powerfully 
this wonderful contrivance tends to retard the cool- - 
ing of Water, when it is exposed in a cold atmos- 
phere, and its consequent tendency to prevent all 
those dreadful evils which must have necessarily 
ensued, had it not been for this remarkable property: 
but instead of making farther extracts, which, 'as 
they must be short, would be inadequate'to the pur- 
pose, I must refer my young reader to the Essays 
themselves, for the time bestowed on the perusal of 
which he will find himself amply repaid. ' 
ky Water 
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Water as a fluid, is governed by several laws u 
culiar to itself, to notice all of which would requn 
a volume: one of. its most wonderful properties i 
that: its yressure or force, varies in proportion as iy 
depth does, without any regard to ita breadth ; if i 
were not for this astonishing property, it would he 
impossible for ships or: any other vessels to put un 
to 86a, —for if the lateral ptessure varied wih th 
breadth, it ĩs evident that every sailing \ veasel woul 
be forced against the nearest shore with great v6 
lence, and, of course, there would be an w__—_ 
bar in the way of navigation. 
As it would be absolutely impossible bo maket 
calculation of the quantity of subterraneous Waten 
I chall not attempt it; but as it; ia a much d 
matter to have an idea of the enormous quantity d 
Water on the earth's surface contained in gens, 
. will here set about it: it is a reasonable guppositien 
that of the earth's surface two-thirds are sea; 0 
if we suppose one common depth to be Ahe ten 
part of a mile, we shall find that there is Water u 
fcient to cover the whole globe to the height of i 
hundred feet; and if this Water were reduced 1 
one mass, it would: form. a. globe of more than au 
miles diameter. | 
In reflecting-upon the various changes of Was 
we have a. curious Kind of perpetual motion plac 
intview:—Vapours are raised from the ocean, 
means of the sun and other agents in 


eraporation; and these are transported by the 10 
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&c. through every climate: the progress of these 
vapours is interrupted: by the tops of mountains, and 
other causes, whence they accumulate into clauds, 
and descend in the form of rain, ;$30W,/ Kc. a * - 
plained in the nineteenth Lesson: aſter having re- 
freshedthe zurface of the earth, the surplus proceeds, 
by virtue of its intrinsic. gravity, to ateer ĩts course 
through. rivulets, c. to the lower parts, where it 
meets with rivers, which conduct it to the sea; from 
whence it again undergoes a similar process, and 80 
on continually, Here I cannot help adverting to 
the great utility and advantage of the distribution of 
the Waters and the dry land; which although it 
may seem rude and undesigned to a careless view, 
yet it is admirably adapted to our benefit and con- 
venience, The Earth and the Waters are 80 placed 
about the globe, as to minister to one another's 
ses. The great oceans, with the seas and the 
kes, are so extensive, and so situated as to produce 
uffcient vapours for clouds and rains, to mitigate 
he heats and to refresh the earth with fertile 
howers. The mountains and the less hills are dis- 
ibuted in uch a manner as to afford proper situa- 
ions for fountains, and the sources of rivers; and 
is, whether they are supplied from the gondensa- 
'on of vapours, or from subterraneous channels. 
ay, so abundant is this great blessing which the 
nost indulgent Creator hath bestowed upon us, by 
cans of the distribution of the Earth and Waters, 


hat there is more than a scanty, bare sufficiency, 
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even a surplus, and plenty of chis most 
article afforded to the world: this too, is so wel 
ordered, by meafis of the hills and vales on the gu. 
face of the earth; as not to suffer any suffcien 
quantity to remain stagnant at one time, to be d 
any material injury to mankind. How ought on 
hearts to overflow with gratitude; Joy, and pri, 
for such beneficence, mercy, and winde, as ur 
[here n manifest! 4 
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Back to the fountain's head the sea conveys 

The refluent rivers, and the land repays, . 

Tell what superiour, what controlling cause, 

Makes waters in contempt of nature's laws, | 

Climb up, and gain th' aspiring mountain's height, 

Swift and forgetful of their native weight, 
'BLACKMORE, 


Tell by what paths, what subterranean ways, : : 


— 


L HE conjectures of Philosophen concerning the 
gin of Fountains, have been various; and though 
je subject has been discussed frequently for more 
lan two thousand years, it is to be lamented that 
is yet attended with considerable difficulty. $i 
Aristotle, whose thoughts on this matter have 
ached us, was of opinion, that the air contained j in 


e caverns of the earth, being condensed by cold WE 

ar its Surface, was thereby changed into water, / 

d making its way through, formed fountains or 3 

rings. Most of the ancient philosophers after 3 
, embraced this opinion, but the moderns have 

wely rejected it, as they have no experience of 


such transmutation of air into water. 
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Among * hypotheses which liade lately been 
made use of to account for the formation of Spring. 
I chall describe to you only three, they” being the 
only ones which in my een them any 
appearance of probability. 
The first hypothesis i, chat Springs are owing to 
rain and melted snow. The water penetrates the 
earth till it meets with'a soil, or stratum of earth, of 
a natute sufficiently solid to sustain it, and prevent 
it from descending lower in such minute quantities, 
It then glides gently along in that way which the 
stratum declines, and in its passage meets with-fresh 
quantities which have been filtered through: in the 
same manner; these gradually descend together til 
they arrive at an aperture in the surface, through 
which they escape and form a spring, and perhaps} 
the source of a brock or rivulet. r01 
Another hypothesis, so nearly allied to that jut 
mentioned, that it is almost unnecessary to di 
tinguish them in a work of this kind, is, that of the 
ingenious Dr. Halley. When this gentleman made 
his celestial observations upon the tops of the mouth 
tains at Sr. Helena, he found that the quantity af 
vapour which felt there (even when the sky wit 
clear), was so great, that his observations wet 
thereby much impeded: his glasses were so covered] 
with water through the condensation of the vapoum 
that he was obliged to wipe them every ten minute: 
In reflecting upon this, he was led to zuppose that 

| ö from the zent 
5 large 
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ge rivers might afford a svfficient supply for the 
ater discharged by Fountains; In order to deter- 
ine, with some degree of accuracy, how much 
ater would: be raised in vapour in any space of 
, he took a vessel of water salted td the same 
pree with that of sea. water, in wlneh he placed a 
nometer, and by means of u pan of coals brougit 
water to the same degree of heat as would be 
duced by the gun in summer: he then affixed the 
el of water with the thermometer in it, to one 
| of a pair of scales, and exactly counterpoised it 
h weights on the other. Then, at the end of 
d hours, he found by the alteration in the weight 
e vessel, that a sixtieth part of an inch in the” 
h, of the water was gone off in vapour; and 
efore, in twelve hours, one tenth of an inch 
d have gone off. 
rom chis experiment the Nase © 
rate a manner as the"subject will admit of), the 
tity of water raised by evaporation from tlie 
Merraneare See, to be at least five thousand two 
red and eighty millions of tuns of water in a 
and from tlie ter Thames twenty millions, 
hundred thousand tums per day. If, as it ap- 
d reasonable to conclude; other seas and rivers” 
afford vapour in the tame proportion when 
are acted upon by the sun in a similar degree; 
greater or less proportions as they are acted 
in a greater oy lets degree, this was- thought,” 
0 . by IV 
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surpass the usual height to which the vapours woull 


| being presently precipitated, enter the crannies d 


flow its boundaries, unless part were taken off i 
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by the Doctor, a source ens vuſfcien for 
the supply of Fountains. 

The waters thus raised by evaporation, he im. 
gined would keep rising, and float in extreme) 
small and light bubbles, till being condensed by the 
cold, they become specifically heavier than the ai 
when they would descend, or being driven by the 
winds against the sides of mountains (some of which 


of themselves ascend) are compelled by the sten 
of air to mount up with it to the tops of them, ul 


the mountains, and glide down as e in t 
former hypothesis. 

In the third hypothesis it is imagin | that jt 
water is conveyed from the sea to the ? 2s whet 
there are Fountains by some subterranean passagt 
either by ascending in very small portions in caph 
lary tubes, or by being conveyed in larger pom 
by means of Charybdes. Charybdis i is a name gin 
to an opening which is supposed to be in the h 
tom of the sea. The Fhuxus een 
Maalstrome, on the coast of Norway, is 1ppos 
to be owing to some such subterranean indravy 
and it is asserted also, by several, that the Med c 
ranean sea could not be emptied of the vast qu 
tities of water which it receives, but . 


some such charybdis, which, is either in some 3 
of the bason of that sea, or near the mouth a 


9 
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In support of this supposition may be mentioned 
that strong under- current, described by all those 
who have treated of this sea. A large charybdis, 
placed near the streight's mouth, may be hid under 
the immensity.of waters there, and as it would cons 
tinually draw in the lower waters in large quantities, 
it would necessarily cause such an under- current. 

If it be admitted, that there are such orifices at the 
bottoms of some seas, as we suppose these charybdes 
to be, it is natural to enquire of what use they are. 
And perhaps none will offer a more probable an- 
wer to this enquiry, than those who say, the 
aters of the sea are by such means conveyed by 
ubterranean channels to the sides of mountains and 
ills, x ce they gush out at some apertures and 
orm sp s. 

Each of the bree here advanced admits of 
dbjections: to the first two it is objected, that they 
e not the only ways in which Springs are pro- 
uced: for as causes may always be measured by 
eir effects, it is unphilosophical to conclude, that 
n inconstant cause will produce a constant effect— 
nd therefore Springs which constantly send forth | 
de same, or nearly the same quantities of water, 
annot be supplied in the manner pointed out under 
e two first hypotheses, where the causes, as rain, 
ow, or vapours, are inconstant or variable. 
Suppose the truth of this remark be allowed, it 
des not follow from this, that all Springs are pro- 
ced in some other way. Perhaps, if the nature 
o K | AS; 0 
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of Springs, and the nature of the hypotheses hy 
compared, we shall, by such comparison, be broug 
to a very different conclusion. 

Let us consider the first hypothesis. | Neither ni 
nor snow continues without intermission; but then 
are intervals between the showers, during wid 
neither rain nor snow descends. Is it not probah 
that those Springs which flow and stop alkernatd 
and are therefore called, intermitting Springs, 
caused by these showers? It may, perhaps, be d 
Jected, that in such Springs, the time of flows 
does not seem at all connected with the time of t 
shower. But in answer to this, I would ol 
that it is not an easy matter to judge of this, 31 
cannot be determined which was the Shower i 
caused the flowing of the Spring, Those showe 
which cause the Spring to flow, may perhaps fal 
a great distance from it; while those which fall ne 
it may have an effect upon some Spring at 2 o 
tance, Or there may be four or five showen n! 


in the interval, between the flowing of the San. 
and that shower which caused it to flow. b 
But perhaps it may be said, that this hypotbeWrii 
will not satisfactorily account for those 2 
which ebb and flow every six hours, or some | 


short period: it will not; we must therefore War 
recourse to the third hypothesis, and suppose Mr ef 
Springs which ebb and flow thus regularly ares 
plied by charybdes, placed in some parts of the 
of such a depth as to cause their discharges © 
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ted by the tide, and where the tide' ebbs and 
ws at periods similar to those of the Spring. 
The second hypothesis will assist us in account- 
for reciprocating Springs, or those which flow 
tantly with a stream subject to increase and de- 
ase. If these are supplied by condensed vapours, 
ir streams will increase or decrease, in proportion 
he vapour which supplied them was produced in 
cater or less degree by the union of hong wind, 
| other causes. | 
5 to those Springs which are constant and duke 
their discharge, we may suppose, that they are 
plied from charybdes, situated at such a depth as 
de not at all affected by the ebbing and flowing 
he sea; but convey the water always in equal 
ions in equal times, and, of course, supply the 
ings with regularity. ; 
\gainst this hypothesis of charybdes, I gie 
objections will be erected, but I think neither of 
1 will overset it. And first, it may be said, that 
any of the Springs are supplied in this way, the 
bdes must be numerous, and therefore it is 
riding that not more of them are discovered: 
e would reply, that if there are many, suppose 
arybdis to a Spring, it follows that they must, 
paratively speaking, be very small, and of course 
effects may not be perceptible upon so large 
deep a body of water. A hole a quarter of an 
in diameter would let out much liquor from a 
K 2 7 full 
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full hogshead, but it would not dsturb the t 
quilley of the liquor at the surface. 
But in the second place it may be said, that I 

not explain the way in which water is\conducted 
High above its source: I cannot ; but this is no 
that it is not so condncted—no more than it 
de a proof thut a man was lifeless, because he co 
not account for his own existence. The propem 
of various kinds of matter have been determine 
but only in such circumstances as would admit 
experiments being tried: in those cases where 
can only form a judgment by analogy, ve 
always liable to fall into errour, 1 we 1 
soinetimes escape it. 
Since the late discoveries in Electricity and M 
netism, matter has been found to possess « 
which philosophers of an earlier period were en 
aware of: and in all probability, matter differe ide: 
modifted, or under different circumstances, ent 
possess properties which are yet undiscovered. e 1 

| this spur us on to fresh exertions in the cas 9 
Philosophy; and if, after all, we are oblige}. . 
confess ourselves purblind and ignorant in 2 a pr 
degree, let us not despair; for Religion poins :. 
to us a cheering prospect: she directs us to a pd ord 
wer bes see re 


enquiries satished: 


« When Gov's almighty hand shall lift the curtus bi 
And all creation's wonders open to our eye. 
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ON THE TIDES 


Now the mighty mass of water swells 
Resistless, heaving on the broken rocka, | 

And the full river turning, till. again 

The tide revertive, unattracted leaves * ; 
A yellow waste of idle sands behind, HO. 


FHILOSOPHERS'in every age of the world have 
en greatly puzzled to explain and account for. the 
ides of the sea, which ebb and flow twice in 
enty-four hours; but in despite of every attempt, 
e doctrine of them remained in obscurity, until 
e great Sir Isaac Newton developed the mystery. 
luis astonishing man having demonstrated that there 
a principle in all bodies, by which they mutually 
aw or attract each other, in certain proportions 
ording as their distances or size vary; as fluids 
very easily put in motion by any force acting 
n them, it follows, that those parts of the sea 
fich are immediately below the moon, must be 
awn towards it, and consequently wherever the 
don is nearly vertical, the sea will be raised, 
uch occasions the flowing of the Tide there, A: 
K. 3. similar? 
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similar reason occasions the flowing of the T 
like wise in those places where the moon is in the 
nadir, and which must be diametrically opposite u 
the former: for in the hemisphere farthest from ti 
moon, the parts in the nadir being less attracted hy 
her than the other parts which are nearer to he, 
gravitate less towards the earth's centre, and cons 
quently must be higher than the rest, Those parts d 
the earth, on the contrary, where the moon 2 
pears on the horizon, will have low water: fora 


the waters in the zenith, and nadir rise at the ane 
time, the waters in their neighbourhood will pre 


towards those places to maintain the equilibrium; ; 
to supply the place of these, others will move Wi 
same way, and so on, to the places ninety dene 
distant from the zenith and nadir, where the is 
will be the lowest. | | | eq 
Let the diurnal rotation of the earth be now taza 
into the consideration, and it is evident, that * 
part of it will pass twice through the elevated, e 
twice through the depressed parts, 80 as to promo 
two Tides in the day. But the places of high =: 
low water are now altered; for, the motions B 
pressed of rising and falling are retained for x als 
time after the forces which produce them * . es 


and the. greatest elevation happens about 
aftef the meridian of the place has passed nds — 
luminary, when it points about half a ome 
the east of it; and the water continues to de de n 
for 90 _— dence, or ol fel 


1 
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* bout half a quadrant to the east of the next quarter. 
te But in shallow seas, and in the mouths of rivers, the 
088 Tidcs are retarded till the fourth, fifth, or perhaps, 
te: ich hour, after the meridian of the place has passed 
.der the luminary. | 
de, The force of the sun to raise the Tides, is about 
We- 


four and a half times less than that of the moon: 
but it is evident, that when the forces of both con- 
pire, so as to elevate and depress the water in the 
ame places, then the Tides are greatest, and are 
alled ring Ties, which 8 0 about the new 
d full moon. 

When the moon is in her quarters, the water is 
nost elevated by her, where it is most depressed by 
he sun, and the contrary; and the tides, being 
sed by the difference of their forces, are least, or 
eap Tides. But because of the continuation. of 
notion, these effects are greatest and least, some 
me after the forces are: 80 that the greatest spring 


— 
— 


1 


doons; and the least neap Tides three days after the 
1 
By the action of the sun the time of high water 
also changed, being sometimes sooner, and some- 
s later than it would happen by the action of 
e moon alone. For in the transit of the moon 
om new or full to a quarter, when the tide raised 
y the the sun alone would precede that raised by 
de moon alone, the high water which is produced 
} their united actions, will happen at an interme- 
- - 4 diate 


ides happen three days after the new and full 


observed, that the evening-tides in ummer excel 
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diate time, nearer to, but yet before, the time 2 
which it would be raised by the action of the moon, 
But when the moon is passing from her quarters i 
the new or full moon, since the sun alone would 
produce a greater Tide, the de Kight water u 
retarded. 
The greatest spring Tide will happen ada „ 
moon is in perige; if other things are the same: 
the succeeding spring Tide, when the moon * 1 
apoge, will be least. But, because the earth i 
nearer the sun in winter than in summer; and the 
effect of a luminary is also greater, the nearer it i 
proaches to the plane of the equator ; the greates 
spring Tides, and the least neap Tides will generaly 
happen immediately alter he autumnal, and before ner 
the vernal equinox. *' eart 
In places remote from the equator, he dion 
mediately succeeding Tides are unequal, whenert 
the luminary declines from the equator, Thus tea! 


the morning Tides ; and the contrary, in wWinte. 
For, if the greatest elevation immedia 8 
luminary points to one side of the equator, the Vein, 
posite greatest elevation points as much to the old 
side. And those places, which are on the same v 
of the equator with the luminary, approach neat 
to the greatest elevation, when the luminary is abos 
the horizon, than to the greatest opposite elevatich 
when the luminary is below the horizon. 
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This inequality is greatest, when the sun and 
moon have the greatest declination. If is also greatest 
in places most remote from the equator. The nearer 
the place approaches to the poles, the farther it is 
removed from the greatest elevation on the opposite 
ade of the equator, Thus the less Tide is continu-- 
ally diminished, till at last it entirely vanishes, and 
leaves only one Tide in the day. Hence it is found 
by observatiou, that, when the moon bas declina— 
tion, there is only one Tide in twenty-four hours in 
all places in the polar regions; in which the moon 
is either always above, or always below the horizon 
during a whole rotation of the earth about its axis. 

These things would uniformly in the man- 
ner above described, if he whole surface of the- 
earth were covered with water; but since there is a 
multitude of islands, continents; &c. which inter- 
rupt the. natural course of the water,. varieties of ap- 
pearances are to be met wich um. different places, 
ch cannot be explained without regarding the- . 
situation of shores, streights, and other objects: and 
as this would lead me too great a length, without 
being of any _ I. shall here. take my leave.of: 
ie subject. | 
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ON DAYS AND NIGHTS. 


=. 


My God, all nature owns thy sway, 
Thou giv'st the Night, and thou the Day ! 


| When all thy lov'd creation wakes, 

” When morning, rich in lustre, breaks, = 
And bathes in dew the opening flow'r, I) 

208 To thee we owe her fragrant hour; act 
And when che pours her choral song, thi 
| Her melodies to thes ds * 
or when, in paler tints array d, * 
The Evening slowly spreads her shade ; 
That soothing tHade, that grateful gloom, ee 
Can more than Day's enliv'ning bloom, Tec 
Still ev'ry fond and vain desire, the 


And calmer, purer thoughts inspire; — 
From earth the pensive spirit free, r 
f | 
MISS n 


* 


Previous to the dawn of the true philoply 
when several erroneous opinions were entertaind 


by philosophers, the principal one with regard t 
the form of the earth, was, that it was a vastly wi 


extended plain, that the visible horizon bounded! 
earth, and the ocean bounded the horizon: to 


7 
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count for Day and Night it was then imagined that 
the sun in the morning emerged from the eastern 
ocean, and, after pursuing his daily track, was im-- 
merged into the western ocean, whence in the course 
of the Night he travelled on to the eastern, in order 
to perform his next diurnal journey; which is such 
an absurd doctrine, as is now entirely laid aside; 
except indeed, by the most illiterate, 

But as my young readers will rgadily admit . 
near approach of the earth to a spherical form, 1 
must endeavour to explain to them the occasion of 
Day and Night, in a more rational manner. — On 
account of the immense distance of the earth from 
the sun, and the earth's minute size when compared 
with him, it is evident that the rays of light emitted 
from that luminary (setting aside the effects of the 
#mosphere) will fall upon the earth in parallel di- 
rections, and will always illuminate àa hemisphere of 
the earth, whilst the other hemisphere remains in 
darkness. Hence then, so long as any particular 
place on the earth continues in the darkened hemis- 
phere, it will be night at that place: but, as soon as 
that place, by the diurnal rotation of the earth from 
west to east, is brought to the verge of the en 
cer hemisphere, wy is n and 


— 8 
Walks o'er the dew of yon high eastern hill. | 
905 \ MHAKSPEARE.: 
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When thy mes of that en e 
grees brought directly beneath the sun, it is then 
Noon at that place, and at every place in the en- 
lightened part of the same meridian: but in tle 
darkened part of the same meridian it is then mid- 
night. As the place is carried forward, the after- 
noon hours keep wasting, until it arrive at the 
edge of the darkened hemisphere, and then ap. 
proaches sober Evening, chedding her dusky in- 
fluence round: that part of the globe which is d. 
rectly opposite, is, at the aame moment just emery- 
ing from darkness into Day-light: and thus, by the 
earth's rotation, the whole is obviously accounted 
for. PII 0 ; 

—— When to the western main the sun descends, 

To other lands a rising day he lends ; 

The spreading dawn another region spies, _ 

And oer the antipodes * begins to rise: 

While we in sleep's embraces waste the night, 

The climes oppos'd enjoy meridian light; 
And when those lande the busy sun forsakes, = 
With us again the rosy Morning wakes. g. 


To explain the reason of the different. lengths i 
Days and Nights will be part of the zubject of is 
next Lesson: but I shall first present you with u 
agreeable method of shewing all those places of tit 
earth which are enlightened by the aun at any tins 
In order to this, let a terrestrial globe be taken fis 


„ These people are called Anripader, who, living on the $8 
ide of the earth, have their feet directly opposite to ours 
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its several appendages, and placed upon a/ pe- 
destal in the sun-shine, in such a manner that its. | 
north pole may point directly towards the north 
pole of the heavens, and that the mexidian of the 
place where yon are may be directly toward the 
zouth. Then the sun will shine upon all the like 
places of the globe, as he does really on the earth, 
rising to some when he is setting to others; as you 
may perceive by noticing where the enlightened 
half of the globe, is divided from the half in the 
hade: all those places, on which the sun shines at 
any time, having day; and all those on which he 
does not shine, having night: also, when any place 
1s near the middle of the enlightened part, it is then 
nearly noon there; and those places which are about 

the middle of the darkened part, have then mid- 
night. 

The vicissitudes of Days and Nights have dls 

in the minds of several prose and poctical writers 

very serious and excellent reflections concerning the 
zublunary state: with one of which this Lesson may 

de conchuded. 


W 
Passes the Day, deceitful, vain, and void, 

As fleets the vision o'er the formful brain, 

This moment hurrying wild th* impassion'd ou, 
The next in nothing lost. Tis 80 to him 

The dreamer of this earth, an idle blank; 

A sight of horrour to the cruel wretch, 

Who all day long in sordid pleasure roll'd, 
Himself an useless load, has 8quander'd vile, 
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Upon his scoundrel train, what might have cheer'd 
A drooping family of modest worth : 

But to the generous still improving mind, 
That gives the hopeless heart to sing for Joy, 


Diffusing kind beneficence around, 


Boastless, as now descends the silent dew, 
To him the long review of order d life 
Is inward rapture, only to be felt, T HOMLON; 


\ 
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Obgerve the circling year: how unperceiv'd 

Her seasons change ! behold, by slow degrees, 

Stern winter tam'd into a ruder spring; 

The ripen'd spring a milder Summer glows ; 

Departing summer sheds Pomona's store; 

And aged autumn brews the Winter's storm. 
ARMSTRON @> 


— — % 


| THINK there is scarcely one of the youthful 
perusers of these pages, but must have an inclination 
(if he be not already acquainted with it) to be 
made sensible in some measure of the reason and 
cause of that agreeable succession of the Seasons 
which constitute the year. Here we meet with a 
variety, the limits of which are not ascertainable. 
With pleasure we behold the varied appearances of 
nature: whether Spring arrays herself in her spotted 
robe; or Summer scorches with his sultry beams; 
or Autumn pours forth her exuberant stores; or 
Winter with his howling tempests drives us to our 
—— GEES 
posed, 
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— . To mark the mighty hand 
ec „ That, ever 1 wheels the silent-spheres ; 
« Works in the secret deep; shoots streaming thence - 
« The fair profusion that o'erspreads the Spring ʒ 
« Flings from the sun direct the flaming day; 
« Feeds ev'ry creature; hurls the tempest forth 3. 
« And as on earth this grateful change revolves, 
6: With . touches all the 8 of life,””” 


It may have been observed that, when expliic- ty 
ing the nature of the tides, I said, The earth is 
nearer the sun in Winter than in Summer: this 
may to many persons appear improbable, but it is 
absolutely fact: for the- apparent diameter of the sun 
is about 32 48“ on the shortest day, and only 31* 
30“ on the longest: whence it is manifest that the 
distance of him from us must be less in the former 


ante than in the latter. But the effects occagioned 1 
by the difference of distance are more than counter- of t 
balanced to us inhabitants of the earth's northen lng 
hemisphere: for though the sun in Summer be ſu- men 
ther from. us; yet, on account of his being more N 
nearly in a vertical position, his rays fall more d- Proci 
_rectly on any part, and of course are denser an Pocit 
thicker; and this, not only because the same qum- uch 
tity of rays fall on a less space of the earth, hu Cees 
because they are not so much refracted and wean 
eee eee the f 
abliquely thereon. . centre 
The diversity of seasons is e by be t 
led t. 


earth's annual motion in her orbit; and in this wo- 
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ton two peculiar circumstances must be well under 
100d, because on their combination the whole ph - 
nomena depend. I, The earth's axis does not al- 
ways keep the same relative situation with regard 
o the sun as the centre of its orbit; but, on the 
contrary, it always keeps very nearly in a parallel 
position, or points always towards the same part of 
the heavens. 2. The axis of the earth is inclined 
to the plane of the earth's orbit, which may be con- 
ceived by supposing a spindle put through a ball, 
with one end of it touching the ground, or a table ; 
then by moving the ball directly forwards whilst the: - 
one end of the spindle continues to touch the ground, 
or table, and the other points toward the heavens, 
a tolerable conception of the inclination of the ne 
axis to her orbit may be obtained. b 

The most easy method of acquiring a right idea, 
of the varieties of the Seasons, and the different 
lengths of days and nights, will be by an experi- 
ment which I shall now endeavour to describe. Let 
two large circular hoops nearly of equal sines de 
procured : let one of these be fixed in an horizontal 
position, and let the other be fixed within it in 
auch a manner as to cross it in an angle of 234 de- 
grees, having one half above the horizontal hoops. 
and the other half below. When night is arrived. 
the flame of a candle must be fixed exactly in the 
centre of the hoops, and a small terrestrial globe 
must be taken from its appendages, having a string 
ied to its north pole, tom vehich caring the rene: 
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che inclined hoop: the earth's orbit: just on the n. 5 
W 
pa 
da 
. rallel to itself, and the various seasons will be re- 


As the globe is earried on, the days keep increasing, 
until it has arrived at the lowest part of the hoop; 


as much in the darkened one: then is our be- 
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may be suspended. In this experiment, the candle 


flame must be supposed to represent the sun, and 


side of this hoop, the globe suspended from the 
string must be carried gently round in a direction 
from west to east; then its axis will always be pa- 


presented in the different parts of the path, Thus, Wi i 
when tlie globe is at one of the places where tie if 1 
hoops. intersect, its poles are equally illuminated, WW ;, 
and the days are every where of the same length:; 


then Spring commences to the inhabitants of the ag; 


northern hemisphere ; being on the 20th of Marc. ha: 


when the north pole will appear a considerable way 
in the illuminated hemisphere, and the south pole 


ginning of Summer and their beginning of Winter; 


and here it may be perceived that any parallel af / 
latitude toward the north pole is considerably more Bl dici 
in the enlightened hemisphere than in the dark- pow 
ened one; while, on the contrary, in the southem Bi zon 
hemisphere, a far greater part of the parallel of k- an 
titude is darkened than enlightened: hence, ou wit 
days are then longest, and theirs shortest; which cupi 
happens on the 21s of June, The globe benz ach 
carried on until it arrive at the intersection of the ¶ ¶ exte 
hoops on the other side; each of its poles is agen pow: 


illuminated, nnn 2 
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length, because each parallel of latitude is half in 


September. As the globe is carried. on, the days 
with us shorten, until it has arrived at the highest 
part of the hoop: then the north pole is in the 
darkened hemisphere, and the southern one, in the 
enlightened part; our day is at the shortest, while 
in the southern hemisphere the day is longest: Our 
Winter commences and their Summer; being on 
the 21st of December. As the motion of the globe 
is continued, our dayſ lengthen ; and when it has 
again arrived at the intersection of the hoops, we 
have Spring, and the inhabitants of the southern 
bemisphere have Autumn. In the course of this 
experiment it will be found, that each of the poles 
continues enlightened half through the annual re- 
volution, and darkened through the other half: con- 
quently, at the poles of the earth, there is but 
one day and one night through the year. | 
At the equator the rays of the sun fall perpen- 
dicularly on the earth, and therefore act with more 
power; whence arises the great heat of the torrid 


fall more and more obliquely, and therefore act 
with less force and; less; whence this space is oc- 
cupied, first by the temperate. zones extending on 
ach side the tropics, and then by the frigid zones 
extending from these to the poles. - So weak is the 
power of the sun ms Rs owing to the great 
obliquity 
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the enlightened and half in the darkened part: Then 
commences Autumn with us, being on the 22d'of 


zone. On advancing towards both poles, the rays Al 


- 
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 _ obliquity with which its rays strike the earth, that Wil © 
they are buried in almost perpetual mow and ice. ] 
But these are merely the differences of climate: be 
differences of Season depend not upon these canxes 
merely, but also upon the length of time that any t 
portion of the earth is exposed to the solar rays. h 
During the short days the influence of the sun is 0 
less, both with respect to the intensity of its rays, * 
and the time of their continuance, which therefore c 
produces Winter: during the long days it is greater A 
in both respects, and therefore causes Summer ; the fo 
middle Seasons of Spring and Autumn correspond Wil 5 
with the equality of nights and days. It is o be Bil © 
remarked, however, that this correspondence is not Wl 


perfectly exact; for the severest frosts usually take th 
place after the days have begun to lengthen, ant hl © 
| the most oppressive heats are found to happen whe Wi "" 
the days are decreasing : the reason of which , Wl 
that the earth having imbibed more heat than it ; 
gave out during the Summer months, is not ex-. 
hausted of its superabundant warmth till about the WW © 
close of the year: in like manner, on Jecount of of 
the waste of the earth's heat being greater in Winter eff 
than its supply, it continues to imbibe- heat during ll 
the Spring, and is not saturated till after the dummet nf: 
solstice. Hence also arises the difference betwe" e 
the Spring and Autumn, though the. position of 3 Kg 
sun in respect to the earth, i in both the same. — 


The heat of the Spring is inferiour to that d 
Autumn, both in point of regularity and — 


% 
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for, on account of the deficiency of warmth. in the 
earth, it is constantly imbibing the heat from the 
lower part of the atmosphere; hence originates a 
> urge collection of clouds, which intercepting the 

rays of the sun, combines together with the absorp- 
tion of the earth, to deprive the air of much of its 
4 heat, Whereas in Autumn, the earth being hotter 
chan the air, gives out regularly a large portion of 
warmth, which naturally tending to disperse the 
1 clouds, affords a free passage to the solar rays : thus 
Autumn ought in general to be hotter than spring, 
for these two reasons; first,, that the earth itself 
gives out a considerable quantity of heat; and. se- 
condly, that the rays of the sun meet with fewer 
interruptions in passing thence to the earth. At 


ke the equator there is no proper difference of Seasons, 
except as occasioned by rainy or windy periods, 
n WJ which proceed from other causes; and the case is 


much the same on each side of it for some distance. 
Several of the British poets have presented us 
with a variety of descriptions of the Seasons; some 
serious, some humourous and comic; as an instance 
of the latter, we have a droll account of Winter's 
effects, in a song ip Shakespeare”s play of Love's 
labour lost:“ but the obvious similarity between 
infancy, youth, manhood, and old age, of haman 
ie; and Spring, Summer, Autumn, and Winter of 
the year, suggests a subject for the most sublime 
reflections; the excellence of those which Mr. 
Themaon has M 6s thi head, will supersede 
Fa * the 


SSP ES 8 . 4 . N 


' 


214 LESSON XXXIII. 


the necessity of my apologizing for Siving them 


insertion here. 


„ 
See here thy pictur'd life ; pass some few years, 


Thy flowering Spring, thy Summer's ardent «trength, 


Thy sober Autumn fading into age, 
And pale concluding Wintes comes at last 
And shuts the scene. Ah! whither now are fled 


Those dreams of greatness ? Those unsolid hopes 


Of happiness? Those longings after fame ? 
Those restless cares? Those busy bustling days? 


Those gay-spent festive nights? Those veering thoughts, 


Lost between good and ill, that shar'd thy life ? 
All now are vanished ! virtue sole survives, 
Immortal never failing friend of man, 
His guide to happiness on high. And see 


'Tis come, the glorious morn. The second birth 


Of heav'n and earth! Awakening nature hears 
The new ereating word, and starts to life, 

In every heighten'd form, from pain and death 
For ever free. The great eternal scheme, 
Involving all, and in a perfect whole 
Uniting, as the prospect wider spreads, 

To reason's eye refin d clears up apace. 


Ye vainly wise! ye blind prezumptuous! now. 


Confounded in the dust, adore that Powzn | 
And W1zpom oft arraign'd; see now the cause 

Why unassuming worth in secret liv'd, 

And died neglected ; why the good man's share 

In life, was gall and bitterness of soul; 

Why the lone widow and her orphans pin'd 

In starving solitude; while luxury, | 

In palaces, lay straining her low thought, 

To form unreal wants; why heav'n-born truth, 
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And moderation fair, wore the red marks. 
Of supersiition*s scourge; why licens'd pain, 
That cruel spoiler, that embosom'd foe, 
Imbitter'd all our bliss. Ye good distrest ! 
Ye noble few | who here unbending stand 
Beneath life's pressure, yet bear up a while, 
And what your bounded view, which only saw 
A little part, deem'd evil, is no more : 
The storms of Wintry time will quickly pass, 
THOMS0N'S WINTERS 
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VEGETABLES on PLANTS. 

Your contemplations farther yet purtbe; 

The wond'rous world of Vegetables view: 

:  - Obxerve the forest oak, the mountain pine, 

The tow'ring cedar, and the humble vine, 
The bending willow that o'ershades the flood, 
And each spontaneous offspring of the wood, 
FEY ; | BLACKMOLL 
— | 
My young readers having undoubtedly been of 
delighted, in viewing the beauties of the Vegeta 
Creation, I am in hopes of contributing to the 
satisfaction, while I endeavour to explain to the 
the nature of Vegetables and Vegetation. 
A Vegetable or Plant is an organized body, c 
sisting of various parts, taking in its nourishmell 
usually by a root, and increasing its dimensions 
growth. Vegetables may be divided into tit 
classes, namely, herbs, shrubs, and trees. He 
are tliose sorts of Vegetables whose stalks are 5 
and have no wood in them; as parsley, lettvt 
violets, grass, thistles, and an infinite number 4 
others. Shrubs are those Plants which, thou 
woody, never grow into trees, but bow down ti 
1 | 2 nn 
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anches near the earth's surface: such are those 
2nts which produce roses, honeysuckles, goose- 
g rios, raspberries, and the like, But trees shoot up 
one great stem or body, and rise to a considerable 


;:ance from the ground before they spread their 


ranches: as the oak, the ash, the elm, the beech, 
ne fir, the walnut tree, the pear tree, and many 
mers. | | 
The most considerable parts of Plants are. the 
oot, the stalk or stem, the leaves, the flowers, and 
e seed: most Plants have these several parts; 
ough there are some that have not all of them: 
he aloe, ſor instance, has no stalk; the savine, has 
0 leaves; the fern, has no flowers. 8 
The uses of most of the parts of Plants, are very 
brious; thus, the root evidently serves as a balance 
r counterpoise to the head, and by that mean en- 
les the Plant to stand firmly in the ground. In 
hat other way could enormous oaks be kept up- 
gut and fixed, but by the counterbalance of their 
ktensive, turgid roots? The fibrous parts of the 
dots of Plants, like so many mouths, absorb nutri- 
ws juices from the earth, and thus convey to the 
ants the chief of their nourichment. The root 
$0 performs the-part of the parent, by preserving ; 
je embryo Plants in her bosom, during the severity 
the winter, in form of bulbs or buds. — - 
The trunk, or stem of Plants, consists of various 
ts, 2s bark, wood, pith, sap vessels, &c. The 
& of Plants, performs the same offices to them, 
L chat 
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that the skin does to animals; it clothes and defend 
them from injuries, inhales the moisture of the ay, 
and conveys from the Plant the superſſuous mau 
particles. 'The bark (as well as the wood) is gy. 
plied with innumerable vessels, which convey t 
fluids to and from every part of the Plant; the wot 
also is furnished with others, which contain air, an 
are distributed through its substance. The stabiliy 
of trees and shrubs consists in the wood, which cor. 
responds with the bones of animals. The pit 
which: is a fine tissue of vessels originating in the 
centre. of the stem, is supposed to be the seat of life 
The fluids of Plants are, the sap, analogous to 0 
blood of animals; and the proper juice, which is d 
various colours and consistence, in different ind- 
viduals; as white or milky in the dandelion, resinc 
in the fir, and producing gum in cherry or pls 
trees. | 
- The leaves contribute both to the henefit 
ornament of the Plant: they are supposed to ans 
the purpose of lungs; and by their readiness to 
moved by the wind, they may in some measure a 
the part of muscles. They are very porous on bt 
their surfaces, and inhale and exhale freely. 
some Plants (as Venus's Fly- trap), the leaves u 
armed with long teeth, like the antenna of insec 
they are so irritable, that when an insect c 
upon them, they ld an and nat or fe 
death. | 


LESSON XXXIV. 
The ves of the flowers and $ecd, are too evident 
5 need enumeration. 


The most general method of propagating Plants 


E 


e toot of the old Plant, set in the ground, as pota- 
bes; others, by new roots propagated from the old 
mes, as hyacinths, and tulips; others by cutting off 
\nches and putting them into the ground, which 
in thers taks root and grow as vines; and others 


ion. | : 
What is most difficult with respect to Plants (and 
hat has been the subject of much controversy, 
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n which they receive their nourishmerit The earth 
28 not so much to do in this business as has been 
ommonly supposed. This is known from the ex- 
riments of Mr, Boyle and Dt. Woodward: these 
entlemen raised several Plants in earth watered 
ith rain or spring water, and even distilled water; 
d upon weighing the dry earth; both before and 
fer the production of the Plants, they found that 
little of it was TE ARC AEIE 
laut. 

If he rtr coats a Buſs wards the 90 
action and ourishment of Plants, it seems natural 
apprehend that water must be much concerned; 


it 


ire to keep them in state uf health and vigonr. 
18 
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b by seed: some, however, are raised by a part of 


ie propagated by grafting, and budding or inocula- 


hough yet undetermined), is to explain the manner 


d that this is the cage in great measure is evident, "2 
om the quantity of water which most plants re- 
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But there is some other agent besides water, ele, 
how can the growth of Plants in sandy desarts where 
it seldom rains be accounted for, and these Plant 
such as contain juices in great abundance ? 
Dr. Hunter, so well known and so justly cele. 
brated, both as an anatomist and a naturalist, is in- 
duced by a number of experiments accurately cons 
| ducted, to believe, that all Vegetables receive thei 
principal nourishment from oily particles incor. 
porated with water by means of an alkaline salt, & 
absorbent earth. Till oil is made miscible, it is u 
able to enter the radical vessels of Vegetables; ml 
on that account, Providence has bountifully supplied 
all natural soils with chalky or other. absorbent pu- 
ticles: and those soils which are assisted by art are 
full of materials for that purpose ; as lime, mar, 
and the volatile alkaline salt of putrid dunghills, 
Ihe argument in favour of oil being the prit 
cipal food of Plants is confirmed by the obgervation 
that all Vegetables, whose seeds are of an oily nat Owe 
are found to be remarkable impoverishers of tt 
soilz as hemp, rape, and flax* and the, best manurd 
for lands worn out by these crops, are such as ha 
A good deal of oil in their composition, provided Met v 
they are, laid on with lime, chalk, marl, or ap 
ashes, 80 as to render the oily e W wil e 
water. +. a 0 
But Plants not _ receive ls Ne bs tl red 
roots, but also by- their leayes. Vegrrables & run 
have a succulent ech as, peas, beans, and bu Let 
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eat, draw much of their nourishment from the 


2 2nd on that account impoverish the soil less than 


le Wheat, oats, barley, or rye, the leaves of which are 
of a firmer texture. The leaves of all Kinds of grain 
ze succulent for a time, during which period the 
ants take little from the earth; but as soon as the 
ar begins to be formed, they lose their softness, 
nd diminish in their attractive power. Theradical 
nes are then more vigorously employed in ex- 
acting the oily particles from the earth, for the 


liel urishment of the plant. 

he leaves of Plants serve not only to indie the 
ne and rain, which contain salt, sulphur, &c. but 
Wy serve also as excretory ducts to separate and 


ing long detained in the Plants, would turm 
cid and prejudicial to them. The annual sun 
ower is an extraordinary instance of this fact; it is 


enty-four hours. Fine weather encourages the 
s piration of Vegetables; but in heavy, moist, and 
et weather the inhalation is greatest. The effluvia 
Plants j ht unwholesome to persons of de- 
ate condtitutions, but particularly so at night, and 
a dull state of the atmosphere; the matter per- 


TY noxious. 

Let us now endeavour to illustrate the subject ft 
gelation, by taking a view of what happens to a 
2 after it has been committed to the earth. In a 
L3 few 


arry off the redundant watery fluid, which by 


id to perspire nineteen times as much as a man in 


red by the yew tree = particular, is said to be 


- * nm 
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few days, 80oner or later, according to the tempe. 
rature of the weather and disposition of the soil, the 
external coverings open at one end, and disclose to 
the naked eye part of the body of the grain. Tha iſs 
substance consists of two lobes, between which the 
seminal Plant is securely lodged. Soon after the 
opening of the membranes, a sharp pointed body WM hi 
appears which is the root. By a kind of instinctive 
principle (if the expression may be allowed), it ech thi: 
a passage downward, and fixes itself into the zol, Mkre 
At this pgriod the root is a smooth and polisbel MW plic 
body, and has, perhaps, but little power to abet 
any thing from the earth, for the nutriment of the Wis c 
germ. The two lobes next begin to separate, mer 
the germ, with its leaves, may be plainly discovereſ 
As the germ increases in size, the lobes are further con 
separated, and the tender leaves, being closely joined, dus 
push themselves forward in the form of a wel. lin 
These leaves take a contrary direction to that of ehen 
root: they seek a passage upward; which, harig s b 
obtained; they lay aside their wedge- like form, uhu 
spread themselves in an horizontal direction, ro. 
being the best adapted for receiving the rains nne 
dew. The radicle, every hour increasing in sine 
and vigour, pushes itself deeper into the earth, frod 
which it now draws some nutritiye particles. e. 
the same time the leaves of the germ, being of ann 
culent nature, assist the Plant by attracting from der 
atmosphere such particles as the tender vessel #f 


fit to convey. These particles, however, ol e 
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watery kind, and have not in their own nature a 
uffciency of nutriment for the increasing Plant... 


Vegetables, as well as animals, during their tender 


As soon as an animal is brought to life, the milk of 
is mother is supplied in a liberal stream: but, at 
this period, the tender germ seems only to have the 
crude and watery juices of the earth for its support: 
this, however, is not the case; for the Vegetable 
ves upon a similar fluid, though differently sup- 
plied. For its use the farinaceous lobes are melted 


merable small vessels which are spread through the 
ubstance of the lobes; and which, uniting into one 
Ommon trunk, enter the body of the germ, and 
us supply that balmy liquor, without which the 
Plant must inevitably have perished, its root being 
en too small to absorb a sufficiency of food, and 
D nourishment. 
$ admirable and well contrived is the method of 
| Ari in supporting the Plant in its earliest 
| tenderest stages! As the Plant increases in 
ze, the balmy juice diminishes, till at last it is quite 
austed. The trunk of small vessels then dries 
p. and the external covering of the seed appears 
onnected with the root in the form of a shrivelled 
ag. In the process of vegetation there is no mor 
ality; from the moment that the seed is lodged in 
* parent earth, the vegetative soul begins its opera- 
Lis - tions, 
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tate, require a large share of balmy nourishment. 


down into a milky juice, which as long as it lasts 
1s conveyed to the tender Plant, by means of innu+ 
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tions, and in the whole successive gradation of them, 
illustrates the wisdom, power, and bounty of Him, 
who created and rn. the Universe 

These attributes of the ALMIGHTY are aly 
strikingly manifested, in the provision which he ha 
afforded them against the winter season, to secure 
them from the effects of cold. Those called her. 
baceous, which die down to the root every autumn, 
are now safely concealed under ground, preparing 
their new shoots to burst forth when the earth i 
softened in spring. Shtubs and trees which are er. 
posed to the open air, have all their soft and tende 
parts closely wrapt up in buds, which by thet 
firmness resist all the power of frost; the large 
kinds of buds, and those which are almost ready u 
expand, are farther guarded by a covering of 0 
or gum, such as the horse-chesnut, the sycamore 
and the lime. Their external covering, howert, 
and the closeness of their internal texture, are of 
themselves, as some say, not adequate to resist tht 
intense cold of a winter's night: a bud detached 
from its stem, enclosed in glass, and thus protectel 
from all access of internal air, if suspended from: 
tree during a sharp frost, will be entirely penetratch 
and its parts deranged by the cold, while the bud 
on the same tree will not have sustained the lights 
injury: either the detached bud must have been i 
jured by reason of the cold entering it at the pa 
where it was broken from the stalk; or we m 
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en, I i xribute to the living principle in Vegetables, the 


im, power of resisting cold to a very considerable de- 
gree; probably each of these is true in me mea 
re; but how Vegetables acquire this latter- men- 


tioned property, must be left for future observations 
to determine: 

After the frost is moderated, and the earth suff 
ciently thawed, the first vital function in trees, is the 


bent vessels composing the inner bark of the tree, 
and reaching to the extremity of the fibres of the- 
nder ots. The water and oil thus imbibed by the: 
wer ots, is chere mixed with a quantity of saccltarine- 
ro matter, and formed into sap, whence it is distributed 
70 in great abundance-to every individual bud. The: 
oO amazing quantity of sweet liquid sap, provided for: 
the nourishment of some trees, is evident from a pre 


"4 ment custom in this country, of tapping the bireh 
4 in the early part of spring; thus obtaining froms 
* each tree more than a quart of liquor, which is fer 

c 


mented into a species of wine. This great access ion 
of nourishment, by means of the-ascent of the sap, 
causes the bud to swell, to break trough its cover · 
ng, and to spread into blossoms;. or lengthen into az 
ot bearing leaves. This is the first process, .and,, 
roperly speaking, is all that belongs to the Spring- 
Ng or elongation of trees; and, in many Plants,, 
amely, all those wich are annual or deciduous,, 

cre is no other process: the Plant absorbs juices- 
L 5, 


| from 


ascent of the sap, which is taken up by the absor-- | 


1 
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from the earth, and in proportion to the quantity of 
these j Juices increases in size; it expands its blaszomy, 
perfects its fruit, and when the ground is incapable, 
by drought or frost, of yielding any more moisture, 
or when the vessels are not able to draw it up, the 
Plant perishes. But in frees, though the beginning 


© 
C 


takes place in annuals, yet there is a 8econd proces, 
which at the same time that it adds to their hull, 
enables them to go on m through a long 


series of years. 


This second process beging man after the first, u 
this way. At the base of the foot-stalk of each lat 
a small bud is gradually formed; but the abgarbent 
vessels of the leaf, having exhausted themselves in 
the formation of the bud, are unable to bring i 
nearer to maturity: in this state it exactly resembles 
a seed, containing within itzelf the rudimenm d 
vegetation, but destitute of absorbent veagels to 
nourish and evolye the embryo. Being suftqupded 
however, by sap, like a seed in moist earth. it is ini 
proper situation for growing; the influence of tht 
sun sets in motion the juices of the bud, and of te 
seed, and the first operation in both of them, i t9 
send forth the roots downwards a certain depth, fot 
the purpose of obtaining the necessary moisture. 
The bud, accordingly, shoots down. its roots upon 
the inner bark of the tree, till they r 


covered by the earth, Winter now arriving, de ar" 
I 


a 
b 
a 
a 
and end of the first process is exactly aiinilar to what , 
t 
, 
( 
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cold and defect of moisture, owing to the clogged 
condition of the absorbent vessels, cans the fruit 
and leaves to fall, 0 that, except the provision. of 
buds with roots, the remainder of the tree, like au 
annual Plant, is entirely dead: the leaves, the flowers, 
and fruit, are gone, and what was the inner bark. is | 
no longer organized, while the roots of dhe bude, 
form a new inner bark; and thus the buds. with. - 
their roots contain all that remains e 
whole tree, It is owing to this annual rer 
of the inner bark, that the tree increases in, 
and, a new coating being added every year, N 
certaining the age of atree, hy counting the nun 
A tree, therefore, properly speaking, is n 
bete pf mamas Ae Flanm the 
mal wdividual, The tap in trees always, ries 8 
soon as the frost is abated,” that when the stimulus +" 
of the warm weather in the spring acts upon, the 
bud, there should be at hand a supply of food for i: 
nourichmeut ; and if, by any means, the, 6h ig per 4 
vented from ascending in proper time, the!treq ion 
cvitably periahae, 5 has. been Inn, | 
erved. $75 i 

Hr | onda Gi Ln i can ab | | 
8ying- a few words: on dhe different, manners in 
whach Plants dizzemmage their ved. Having gone | 


through the progressive 7 
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aud seeding, they have . maturity 
the rudiments of a future progeny, which are now 

to be deposited in the fostering bosom of the earth. 
Seeds are scattered by the hand of nature in various 
ways. Those of them which are furnished with 

 - plumes, or wings, are dispersed about by the high 
Winds which blow 800n after the autumnal equinox, 
the time of dissemination. Hence Plants with such 
eeds, are of all others, the most generally to be met 
has is Gmnidclion, groundsel, thistles, & c. Others 
s of hooks, with which they are furnished, 
La of passing animals, and ate thus carried to 
t places : the common burs are examples of 
ontrivance. Several when ripe "are 'thrown 
h considerable force, from their receptacle, 
s of a strong spiral elastic spring; of this, 
Tant, or touch-me-not, and all che species 
of ca rdamine, or cuckoo-flower, ate” instances. 
Many are contained in berries, which being eaten 
By birds, the seeds are discharge again uninjured, 

ä and grow wherever they happen to fall. In these, 
and in many other ways, is the distribution of vari- 

ous kinds of Vegetables provided. for: The shed- 
A ding of the seed being finished, the parent Vegetable, 
if of the herbaceous kind, either totally perishes or 
Withers down to the root; if a #hrub, or tree, it 
casts all those tender leaves that in the spring und 
summer it had put forth: thus it cont Bara 


5 following ung, ves 
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. These naked ghoots 
Barren as lances, among which the wind 
Makes wintry music, sighing as it goes, 

Shall put their graceful foliage on again, 
And more aspiring, and with ampler spread, | 
Shall boast new charms, and more than they have lost, 
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ON EARTHQUAKES, | 


The earth shook and trembled ; the foundations also of the hill 
moved, and were shaken, because he was wroth, _ DAYID. 


Lo! the dire Earthquake's terrible effects! by 
The earth in horrid chasms is quickly op'd, | 
Cities and towns are into ruin hurl'd, | 
Whilst death and devastation spread around! 
How wond'rously Omnipotent sure must be 
That power who at g; word can these produce! 


Hisromans relate innumerable. instances if 
the dreadful and various effects of those tremendos 
phænomena called Zarthquakes ; some of which 
shall here mention. Thus, Pliny in one phace, 
Speaks of an Earthquake which happened in the 
reign of Tiberius, which overthrew twelye town 
in Asia:-in another place he mentions one, whid 
overthrew 100 towns in Lybia. In the time of In 
jan, the town of Antioch, and a great part of tht 
adjacent country, were swallowed up by an Er- 
quake: also in the time of Justinian, in 528, it vn 
destroyed by a second, together with 40,000 of s 
a | ; 1 £ inhabitand: 
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inhabitants! and sinty years after, it wes vieuted by 
a third Earthquake, which destroyed 60,000 of ite 
inhabitants. In the time of Pope Pius the 11th, all 
the churches and palaces of Naplea were over- 
thrown, and more than 30,000 of its inhabitants. 
killed. In 1638 the town of Saint Buphemia was 
swallowed up, and there remains only a winking ke 
in its place. An Earthquake happened in the 
island of St. Michael in the year 1691: it began on 
the 16th of July, and lasted until the 12th of dhe fol- 
lowing month. Tercera and Fayal were agitated on 
the morning of the 17th with so much violence, 
that they appeared to move; but these frightful 
hocks returned only four times: whereas, as. St. 
Michael's, they did not ecage a moment for fifteen 
hours. The ilanders, having quizted their houses, 
quickly saw them fall, and passed the rest of the 
time exposed to the injuries of the weather: A 
whole town, named Villa Franca, was overthrown 
to its very foundations, and most of the inhabi- 
tants buried amidst the ruins. Several plains rose 
into hills, and g@me mountains. became flat. A 
spring of water issued from tlie earth, which flowed 
for four hours, and then appeared dry all on a sud- 
den. The air and sea, still more agitated, resounded 
with a noise like the roaring of a quantity of wild 
beasts, Many. persons died wich the fright, and the 
iips in the port, euſſarad. dangeravs, Gere oven 
those W or under said at che 


- distance- 
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distance of twenty r from the ind, sustained 
great damage. 

Our deservedly ee poet ne in the 
second book of his admirable poem THR TAsk, has 
given us a very accurate and sublime description of 
the effects of Earthquakes, from i Bars follow- 
ing is an extract: 101 | 


ce The rocks fall headlong, and che ile ne, 
« The rivers die into offensive pools, | 
64. And, charg'd with putrid verdure, breathe a gross. 
« And mortal nuisance into all/the airs 
„ What solid was, by transformation strange, 
«, Grows fluid; and the fixt and rooted earth, , 
& Tormented into billows, heaves and swells,. 
| « Or with vortiginous and hideous-whirl . 
« Sucks down its prey insatiable. Immense 
« The tumult and the overthrow the pangs. 
«And agonies of human and of brute. 
« Multitudes, fugitive on ev'ry side, 
«. And fugitive in vain, The sylvan scens 
« Migrates. uplifted ; and, with all its soil. 
e Alighting on far distant fields, finds out 
„ A new possessor, and survives the change. 
a. Ocean has caught the frenzy, and, upwrought: 
To an enormous and o'erbearing height, — 
% Not by a mighty wind, but by that · voce 
Which winds and waves obey, invades the shoras al 
* Rexistless. Never such a sudden flood, * 65 
| | « Upridg'd so high, and sent on auch a $1403 : * 
A 1 fPossess'd an inland scene. Where now the tlirong 
| « That press d the beach, and, hasty to depart, | 
% Look'd to. the tea for safety? They are gone, fo 
 & Gone with the refluent-wave into the decp—- Wi 
«A with half his 21 
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mere have been various hypotheses entertained 


with regard to the production of Earthquakes; nor 
does it appear an easy task to account for them with 
great precision. Those which are only felt at small 
distances are probably occasioned by the action of 
ʒubterraneous fires, and the explosion of volcanos. 
But chere have been Earthquakes which are felt at 
great distances, and have shaken a long course of 
ground: this kind of Earthquakes is by some 
persons accounted for in the following manner. 
To understand properly what may be the cause 
of. these phænomena, it must be remembered, that 
all inflammable matters capable of explosion, pro- 
duce, like gunpowder, by inflammation, a great 
quantity of air; that this air produced by fire is in 
a state of very great rarefaction; and that, by a state 
of compression in which it is found in the bowels 


of the earth, it must produce very violent effects. 


It is then conjectured, that at a considerable depth, 
as at about one or two hundred fathoms, pyrites and 
other sulphureous matters are to be met with; and 
that by the fermentation” produced by the filtration 
of water, and other causes, they inflame: the in- 
flaming will produce a great quantity of vaporized | 
air, the spring of which, compressed in a small 
pace, like that of a cavern, will not only shake the 
earth, immediately above, but will search for pas- | 
sages, in order to make its escape. It will there- 
fore naturally force its way through those parts 
where it meets least nn and will proceed 
through 
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through e comms through which i, 
can find a passage. This subterrancous air or vapour 
will alſo produce in its passage a noise and motion 
proportioned to its force and resistance it meets with: 
and these effects will be continued till it finds a 
vent, perhaps in the sea, or till its force be diminish- 
ed by being greatly expanded. This explanation 
corresponds entirely with all the phenomena that 
are observed respecting Earthquakes : for they pro- 
ceed with a wave-like motion, and are felt at dif- 
ferent places, not at the same instant, but at differen 
tunes in proportion to the distance. 

Yet, plausible as the above hypothesis . 
it 1s objected to hy several of the modern philoso- 
phers, who in opposition thereto, assert, that Karth- 
quakes are produced by an accumulation of the 
electric fluid in the bowels of the eartÜuQ. 

Mr. Nicholson, in his Introduction to Natural 
Philosophy, says, It is extremely probable, that 
* Earthquakes owe their original to the discharge 
e between a cloud and the earth, in a highly elec- 
« tric state, or even between two clouds.” In 
support of this opinion he advances the following 


arguments:—* They happen most frequently in & 

Cf A nin, Hy poems 

lightning and other electrical phanamena ; and 

« are even foretold by the electric coruscations and 
„ other appearances in the air, for some days pre- 
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« no fire, vapour, or smell, which however could 
« hardly fail to appear, if the common opinion, of 
their being occasjoned by a subterraneous en- 
« plogion, were true. The effect of an explosion 
of this nature would be a gradual lifting of the 


« earth, after which it would fall again, and, na 
« doubt, destroy or change the course of springs, 
* and considerably alter the face of the country: 
the contrary to which is true; for, as far as ob- 
*« gervation Gan determine, the ghock of an Earth- 
quake is instantaneous to the greatest distances, 
« and seldom does more mischief than overthrow- 
ing buildings. Earthquakes are usually accom- 
« panied by rain, and sometimes by the most dread- 
ful thunder-storms. All these, and many more 
circumstances, but especially the almost instan- 
« taneous motion of the shock, induce us to look 
« fox their cause in electricity, the only power in 
nature that acknowledges no sensible transition 
« of time in its operations.” Against this reason- 
ing it has been objected, that if the accounts which 
historians have transmitted us of Earthquakes in the 
last Century, be correct, the circumstances attend- 
ing these awful events are, frequently, widely dif- 
ferent from what Mr. Nicholson supposes them to 


de. At present, each of these disagreeing hypo» 


theses has many advocates, though that which Mr. 
Nicholson supports seems to be gaining ground: 
however, whether Earthquakes be produced by the 
explosion of sulphureous matters, or by the power. 
m8 of 
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of the electric fluid, we may safely infer, that the 
natural cause of their production is inherent in the 
earth. Hence the contemplative young reader will 
conclude, that we might be continually in expec- 
tation of the whole earth being destroyed by this 
invisible agent of nature; if we were not certain 
that it is always managed by a Wise and good, as 
well as powerful, BEIN, who keeps it $afely 
curbed, or gives it liberty to range, as it may by 
I most pee * Gaia pu- 
Poses. 1 5,4 
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The dread Volcano minicters to good: | f 
Its amother'd damen might undermine the world. | 
Loud /Etnas fulminate in love to man. YOUNG» 


A WONDERFUL appearance on che face of 
nature which we have not yet reflected upon, is a 
burning mountain, or Volcano, to describe which 
in the manner it deserves would almost surpass the 
power of words. A Volcano contains in its bowels, 
phur, bitumen, and other materials which serve 
33 food to a subterraneous fire, the effects of which 
re more violent than those of gunpowder,. or even 
of thunder : hence a Volcano has been sometimes 
compared to a cannon of a very large size. The oxi- 
tee or mouth of a Volcano is, in some cases, more 
bun a mile across: and from this mouth are emitted 
torrents of smoke and flame; rivers of bitumen, 
zulphur, and melted metal, the mixture bearing the 
name of lava: clouds of cinders and stones, and 
dometimes it ejects enonmous rocks to many leagues 
uitance, when merely to stir them would baffle the 
vinost efforts of human strength. The combustion 
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is so terrible, and the quantity” of burnt, melted, 
calcined, and vitrified materials which is thrown 
out at the orifice, is 80 plentiful, that they enter 
towns and forests, cover the fields to more than an- 
hundred feet in thiekness, and Sometimes form hills 
and mountains. The action of this fire is 80 great, 
and the force of explosion 80 violent, that its re- 
action has been known to shake che earth, agitate 
the sea; overthrow mountains, and raise the most 
solid edifices and townts, even to very considerable 
distances. 
A mixture of sulphur, filings of iron, and of 
water, buried at à certain depth below the earth's 
surface, will exhibit, in mituature, all the /appear- 
unces of x Volcano: hence we are induced to con- 
clude, that in the bowels of burning mountatmu, 
there are different kinds of inflammable substances, 
which ferment when acted upon by pech ur means, 
(probably by moisture, ) and produce er uptions and 
explosions, of different degrees of strength, accord - 
ing to the quatitity of inflammable matters accu- 
mulated. 
In Europe there are three famous Volennos, 
namely, Mount tna in Sicily, Moumt Hecla in 
Iceland, and Mount Vesuvius in Italy, near Naples. 
There are several Volcanos also in various parts of 
Asia and America, some of which at intervals emit 
cheir burning contents with great vidlence. of 
each” of the burning mountains in Europe I dal 
here present yon with some account; | 
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From Mount Etna the eruptions of flame and 
smoke are discovered at à great distance, by those 
wuo sail on the Mediterranean, even as fat as the 
harbour of Malta, which is more than 40 leagues 
from the shore of Sicily. Though fire and smoke 
are continually vomited up by it, yet at some par- 
ticular times it rages with greater violence. In the 
year 1536 it shook all Sicily, from the first to the 
twelfth of May; after that there was heard -a most 
horrible bellowing and cracking, as if great guns 
had been fired: there were a great many houses 
overthrown throughout the whole island. When 
this storm had continued about eleven days, the 
ground opened in several places, and dreadful gap- 
ings appeared here and there, from which issued 
forth fire and flame with great violence, which in 
four days consumed and burnt up every thing that 
was within five leagues of Etna. A little after, 
the funnel, which is on the top of the mountain, 
dsgorged a great quantity of hot embers and ashes, 
on TY which were not only 
Uuspersed throughout the whole island, but also 
arried beyond sea to Italy; and several ships that 
were sailing to Fenice, at two hundred leagues 
suffered damage. Fucellus, who has 
gien an historical account of the eruptions of this 
mountain, gays, that the bottom of it is one hundred 
eagues in circuit. 
Mount Hecta, rages sometimes with as great 
Pg and casts out large tones. The 
| imprisoned 
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imprisoned fire often, for want of vent, produces 
horrible sounds like lamentations and bowling, 
which makes some credulous and superstitious people 
think it the place of hell, where the souls of the 
wicked are tormented. 

The decliyity of Mount e towards the . 
sea, is every where planted with vines, and fruit . 
trees, and it is equally fertile towards the bottom. . 
The circumjacent plain affords a delightful prospect, Wi: 
'and the air is clear and wholesome. The south and 
west sides of the mountain form very different 
views; being, like the top, covered with black cin- 
ders and stones: the height of this mountain has 
been computed to be about 3900 feet above, the sur- 
face of the sea. Vesuvius lias been a volcano, de- 
yond the reach of history and tradition: but there 
are on record more than 30 eruptions which hare 
taken place since.the one that destroyed the city of 
Herculaneum, in the time of Titus; some of these 
have been very furious and violent, desolating the 
country for miles around; and ships at sea, at the 
distance of threescore miles, have i in some -of these 
eruptions been covered with cinders, to the astonush- 
ment of the sailors. 
| 66 Few things in nature are 80 aboclutely noxious 
« as not to produce some good.” This observation 
is completely verified in the instance before us: 


© even this raging Volcano, by its sulphureou WS pris 
and nitrous manure, and the heat of its subtem - WF occ 
neous fines contributes greatly to che uncommon 


fertility 


LESSON XXXVI. 2 


; ine, in Gale and edi af I: | 
; Wit / quo ech 
e Dr. Woodward mentions. eee Von 
e canos as a special fanaνεν f Hrovidence, and 
« There are prix countries that are much 
6 annoyed: with that have not ane ot 
these fiery, vents, And these are constantly all 
in flames whenever any eatthquake happens, they 
« disgorging that fire, which, whilst underneathy 
« was the cause of the disaster. Indeed,“ saith he; 
« were it not for these diverticula, whereby it 
thus gaineth an exit, it would rage in the bowels 
« of the earth much more furiously, and make 
greater havoc than now it doth. So that though 
those countries, where there are such Volcan 
re usually more or less troubled with earth 
quakes; yet, were these Volcanos wanting; they 


o would be much more annoyed with them thin 
now they are; yea, in all probability to that 
the n for a vast space 
the BF around them, perfectly uninhabitable. Fa: one 
* word, so beneficial are these to the territories 


where they are, that there do not want instances 

of some which have been rescued from" earths 

* quakes by the breaking forth of a new Volcano 

there; this continually discharging that matter, | 

which being till then barricaded up, and im- 

prisoned in the bowels of the earth, was the 

occasion of very great and frequent calamities.” 12 
MM | 'Let 
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Let me then be permitted to observe in this place 
that though we cannot, in every case, see the bene- 
ficerit tendency of particular creatures and thingy in 
the urſiverse, we ought t6mthibute this to our l. 
mitad capacities; and not araigu ALMIGHTY Sovr. 
KESGNTY, as is the tom wich too” many catp- 
ing philosophers- of the present day. Howeret 
dreatlful and destructive zubterruneous fires may 
appear; on proper reflection it may be inferred, 
that they are as necessary in promoting and su. 
nining the operations of this part of the univer 
as the natural heat in men's bodies, is to the pr 
setvation and support of their being. 
of its on dissolution, it is by many wise anl 
learned auen imagined that the general conflagri 
tion may at last be brought about by means 
these fires: amongst the natural means of causny 
it we are acquainted with, some persons embrid 
the opinion here mentioned, whilst others are i 
elined to think the effect will be produced by cc 
met; but though finite creatures may conjecturt 
on this subject, it is most probable that it will nerd 
be ascertained by . MW 
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nay ' «213 GFF 1) cap 2134 £22 RS et [74 . "ip 
ol in the materials of the human frame, 


Let it $uffice that I describe a few, | 
And treat my readers with a short review. 


* 7 | 
. 


E will now extend our contemplations to the 
fabric ;| and here the science of Anatomy 
overs to us ten thousand beauties: which the 
now limits L have: prescribed myself render it 
possible to mention: indeed it would not be pos- 
in a performance of this kind, to explain 
quately the geometrical accuracy with which 
AUTHOR OF NATURE has formed every part 
the body to carry on the animal ceconomy, and 
er the various purposes of life. All I propose 
perform in this and the two following Lessons, 
touching upon the nature and wonders of the 
e, of Concoction, and of the Circulation of the - 
0d, to give my young readers some little insight 
these matters, as an inducement for them to 
apart a portion of: their leisure time for the pur- 
M 3 pose 
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pose of acquiring a farther acquaintance with a 
tomy. 


And first for a short description of the or gon 
Sight, that noble instrument, which 


Ir. xe in at once the landscape of the world, 


At a small inlet which a grain might close, 
* WW 


* ne 
| The Eye i is in form mk clobulars. 
of three coats and three humours. The a. of 
outward coat hid from our sight is called the $ 
yotica : the front part, wluch rather projects Me. 
the Cornea : the next within this coat is that cal 
the Choroides, which serves, as it were, fol 
lining to the other; in the front it joins with 
part known by the name of the Iris, became 
in different persons of different colours, as Mp. 
brown, green, &c. The iris is composed of Wile: c 
sets of muscular fibres; the one, of a circular io 
which contracts the hole in the middle called 
pupil, when the light would otherwise be too onal 
for the Eye; and the other, of radial fibres, te 
ing every where from the circumference of the 
towards the middle of the pupii; these by UF, 0 
contraction dilate and enlarge the pupil, when eof t 
light is weak, in order to admit more rays. 4 
third coat is only a fine aan, 
which spreads like net-work all over the it 
| = _— and is therefore. called the rel 
R534 es, 
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on it are in a manner painted the images of all 
ible objects, by the rays of light which either | 
w or are reflected from them. 
Immediately under the cornea is a fine transparent 
id, like water, which is therefore called the aque- 
humour : it gives a protuberant figure to the 
nea, and. has the 8ame limpidity and refractive 
wer as water. At the back of this, lies a hu- 
ur transparent like crystal, and is much of the 
istence of hard jelly: it is shaped like a double 
rex glass, and is a little more convex on the 
than on the fore part; it is named the crys- 
line humour, and is of service in con verging the 
which pass through it, to its focus at the bot- 
of the Eye. This humour is enclosed in a fine 
parent membrane from which proceed radial 
es called the ligamentum ciliare all around its 
joining to the circumference of the iris. These 
es have a power of dilating and contracting oc- 
onally, by which means the convexity of the 
italline humour, is altered; and it is also 
eby shifted a little backward or forward in the 
so as to adapt its focal distance at the bottom 
eof to the different distances of objects: with 
which provision we could only see objects dis- 
y at one particular distance from the Eye. | 
Ge back of the, eee, lies the cane 8 
"ur, which is transparent like glass, as its name 1 
tes, and is largest of all in quantity; filling 
det of the Eye, and giving it a globular ahape:: 25 

| M3 - i 
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it is much of the consistence of the white of an q 
its refractive * _—_ e —— that 
water. \11Þ4% - II 
As Apes dntiticterteutipitadibeng every point 
an object, some of these from the side next the 
will fall upon the cornea, and by passing on th 
the pupil and different humours will be converged 
various points on the retina at the bottom of 
Eye, and will thereon form an inverted pictu 
the object; if this invegted image be nut formed, 
object cannot be seen: when, unfortunately, 
of the parts of the Eye are so injured as to lose 
transparency, the persen becomes blinc. 
But it is not sufficient in order to our 
objects, that their images $howuld be painted an 
retina; some persons, it is taid, are blind, d 
this takes place. Hence we see, that iniagespi 
on the retina, are not the immediate object of ij 
and that the perception of the soul is communi 
some other way. The. small nerveg vf the 
dit is now generally admitted,) are agitated ben 
rays of light which form che image at the hc 
of the Eye; and this agitation is transmitted ij 
optic nerve to the brain. It is chere the oy po. 
perception is ſormed; but the most dextrc ceiy 
tomist is unable to pursue these nerves © 
source; the union of the en 
probably for ever remain a mystery. 
„There is an as 3 
here with the Eye is furnished, to produee 
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pecessary and convenient motzons ; among these 1 
cannot help alluding-to that admurable-contrivance 
by which the pupil is contracted or dilated, accord- 
ont MY jog as vision requires. This variability of che pupil 
es essentially necessary to vision: for, if a contrac- 
don were not to take place when the Eye was 
geldrought into a very luminous situation, the great 
of rumber of rays which would enter therein, would 
tun robably much injure the fine contexture of nerves 
ed, Wt the bottom of the Eye, on which the images of 
Iy, diects are pourtrayed; and, if the pupil did not 
5c epand when the Eye was in a dark place, the few 
eeble rays which would enter the Eye, would not 
m any impression on the retina, Hence it is a 
ery remarkable and providential circumstance, that 
ie change in the pupil should take place almost 
ontaneously, and independent of any act of the 
ill, . s * 42 4 * 
Distance is only conceived from experience, and 
ie more distant an object is, the less it appears: 
hen therefore, from certain circumstances, We 
nnot form a just conception of distance, and when 
e cannot judge of objects but by the image which 
pourtrayed in our Eyes, we are then necessarily 
ceived as to their size. Thus every person must 
aware how liable we are, in travelling by night, 
mistake a distant tree for a bush that is near, 
2 bush near at hand for a tree at a distance. In 
same manner if we do not distinguiah objects 
an and by it also judge of distance, the 
M 4 fallacy | 


- 


"og a few: feet of it, of a size stupendously encreas 
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fallacy is likdy to continua: in this case, a fy, 
. which may pass before us with rapidity, will seen 
to be a bird at a conꝭiderable distance; and a hors, 
which may be in the middle of a plain, not moving, 
and in an attitude similar, for instance, to that of 
a Sheep, may in the dusk appear in every sense lik 
a sheep. 
Ik, thereſore, we are benightel i in a strange . 
where no judgment of distance can be formed, we 
are every moment liable to deceptions of vision 
Hence originate most of the dreadful stories 
apectres, and of those wonderful, hideous, and g 
gantic figures, which many persons speak of hay 
ing seen. Though it is commonly asserted, that 
such figures exist solely in the imagination; yet 
is highly probable, that they might appear to the 
Eye in every respect as described. This rematl * 
will be allowed to have the greater force, when! 
is considered, that if the size of an object be gent 


rally judged of by the angle which it forms mt * 
Eye, it is magnified according to its propinquit = 
of course, if it seemed at first to the spectator ( . 
is equally incapable of distinguishing what he et by 
and of judging at what distance it is,) a few . 5 
high, when at the distance of thirty or forty v. . 
from him; it must look to him, when he is wing. 4 


At this he will naturally be terrified, unles 


touch and thus distinguish the seemingly enom 
object; for in the instant he has an actual pe 


LESSON :XXXVI.. 


tion of what it is, the enormity will diminish, and 
©, the object will appear in its real state: if, on the 
cen BY other hand, he be afraid to approach it, and flies 
"i from the spot with precipitation; the only idea re- 
ing i maining of what was presented to his view, will 
a de chat of an image, gigantic in its size, and hor- 
le rible in its form. The prejudice about spectres and 

hobgoblins, therefore, in some degree originates from 
lace, BY nature, and such visionary objects depend not en- 
1. ve 0a de imagination alone, as has been de- 
"IF quently supposed. | 
of If rooms. Would peri is. would. be a Une u 
dy ployment to point out many advantages which arise 
b om the form, the size, the motions, and the situ- 
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W non of the Eye, each of which has a tendency to 


Ja vince the wisdom and goodness of the omnipotent 
Creator. But this has been well done by Mr. Per- 
em; to whose © Physico Theology” I mugt 
refer you. The nn Euler in bis . Teitens 
to a Germans Princess, points out an astoniabing 
difference between Fg human Eye, and any arti- 
beial eye which can be constructed: he them males 


formed, is subject to no one of all the imperfec- 


* the freethinker labours. In this we discover the 
true reason, why infinite wisdom has employed: 
several transparent substances in the formation of 
* the Eye: it is thereby secured against all the defects: 


* * characterize every work of man- What 
F a noble 


me admirable reflections, part of which E no- 
lay before you- The Eye which the Creator has 


tions under which the imaginary: construction of 


\ 
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* a noble subject of contemplation! He uo formed 
4 the Eye, shall he mot see and he 10ho planted 
* the ear, shall he not hear The Eye alone be- 
ing a master-piece-that far transcends the human 
4% understanding, what an exalted idea must we 
form of him, who has bestowed this wonderful 
e gift, and that in the highest perfection, no on 
#* man only, but nnn nay, on the 
4 vilest of insects! - 
Indeed, if we do but reflect upon the many diver- 
_ Sified and beautiful scenes whick are made visible 
to us by means of the organ of Sight, and consider 
che deplorable state, and che many inconveniencis 
those persons lie under, who are deprived of this 
blessing, our hearts ought to overflow with thank- 
fulness to that kind BEINO who has bestowed 50 
useful an instrument as the Eye upon us, to add to 
eur convenience and delight; and whose superin- 
tendency protects it from these injuries wenn are 
is FW A to befal i gd e 
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on 
he — 
m—The concoctive powers with various art, 4 
ay subdue the cruder aliments to chyle; TT 
ble * The chyle to blood; the foamy purple tide 
ler To liquors, which thro' finer arteries $4 
ies To different parts their winding course pur,jj1 
his | | enn 


* | | | 
to Amonc all the wise contrivances observed in 
in- the human fabric, none can exeite our attention and 
are admiration more than the disposition and mechanism 
of those parts, by which our aliment 4s concocted, 
or fitted for our daily support and nouriaiment. 
To have a clear idea of the manner in which Con- 
coction is performed, we must distinguish it into 
three stages: the, first of which is performed in 
the progress of the aliment from the mouth down to 
the lacteal veins; which are vessels that receive the 
chyle from the intestines: the second is performed 
in the passage of the milky liquor called chyle, 
through the lacteal vessels to the loins, and then up 
under the collar-bone, where it mingles with the 
TM n | Blood: 
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blood: the third, or ultimate stage of Concoction, Ml | 
is performed: by the circulation of the blood and i 
chyle together through the lungs, and the whole U 
arterial system. In all these stages the design of 

the GREAT ARCHITECT has evidently been to ir 
grind and dissolve the aliment, and to incorporate it ol 
with a large quantity of animal juices already pre- 0 
| pared, i in such a manner as to reduce it at last to the bl 
very same substance with our blood and humours. i 
How wonderfully and completely this design has li 
been executed, my young readers will presently be fri 

able to judge. 

In the first stage of Ciingeriion, by a curious 
configuration of parts, and action of muscles, adapted 
to their respective functions, our food is ground 
small by the teeth, and moistened by à copious sa- 
liva in the mouth. It is in the next place 8wallowed, 
and conveyed down the gullet, where it is farther 
mollified and lubricated by a viscid unctuous hu- 
mour, distilled from the glands of that canal. From 
thence it slips into the stomach, where several causes 
concur towards its complete dissolution. It is di- 
luted by the juices, swelled and 8ubtilized by the 
internal air, and it is macerated and dissolved by the 
heat which it meets with in the cavity. It is also 
| agitated and attenuated by the perpetual friction of 

the coats of the stomach, and the pulsation of the 
arteries there; by the alternate ' elevation 'and de- 
pression of the diaphragm or midrif in breathing; 
and by the compression of the strong muscles of the | 
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belly. After a proper stay, it is gradually propelled 
into the intestines, in 3 smooth, 
uniform, ash-coloured fluid. 

When our aliment, thus prepared, arrives at the | 
intestines, it is there mixed with three different sorts 
of liquors. It receives two kinds of bile; the one, 
thick, yellow, and extremely bitter, from the gall- 
bladder ; the other, scarcely bitter or yellow, but in 
a much larger quantity, from the liver. The third 
liquor that falls here upon the food, issyes plentifully 
from a large glandular substance, called the pancreas 
or 8weet-bread, and is a limpid mild fluid, like the 
aliva, which serves to dilute and sweeten what 
may be too thick and acrimonious. The two sapo- 
naceous biles resolve and attennate viscid gub- | 
stances ; incorporate oily fluids with aqueous ones, 
making the whole mixture homogeneous; and by 
their penetrating and detergent qualities render the 
cyle fit to enter the lacteal veins, into which it is | 
conveyed, partly by their absorbent nature, and partly 
by the peristaltic motion of the intestines. . 

If we now consider the change which our aliment 
has undergone, in the mouth, gullet, and stomach, 
together with the large quantity of bile, and pats 
creatic juice poured upon it in the intestines: and if 
we reflect also on the incessant action of the mus 
ces, blending, churning, and incorporating the 
whole, we shall readily perceive that their united 
agency must alter the flavours and properties of the 
uferent kinds of food, in such a manner as. to 

; | 4 — | bring 


trained or absorbed; while, at the same time, the 
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_ bring che chyle nearer in its nature to our animal 
it was formed, Our food thus changed into chyle, 
constitutes the first stage of Concoction; and we 
| hall find the came aximilation carried on through 
the second, 

The next stage degins with; de 
wins, whine hoy-arde Ee the! inteatings by © 
innumerable multitude of invisible pores, through 
which the fine, white, fluid part of the chyle i 


ng i 


oo — mige 1 a 


gross, yellow, fibrous part, conveyed glowly for. 
ward, and further attenuated in the long antestina 
tube, is perpetually pressed and drained of its .. 
maining chyle, until the dregs, becoming at last us- 
less, are ejected out of the body. 

These lacteal veins issue from the intestines in va- 
ous directions, now straight and then oblique, oft 
| uniting and growing larger, but presemiy separatin 

again. They frequently moet at acute angles, m 

enter into soft glands dispersed through the mesentenj 

from which they proceed larger than before, and more 

turgid, with a fine lymphatic fluid: in most placa 
also they run contiguous with the mesenteric at 
ries, by whose pulsation their load is png 
ward. And thus, after various ec ni 

veparations, and protrusions, the lacteal veins | 
their chyle into à sort of cistern or reservoir forme 
diaphragm and the highest yertebre of the loans. * 

| - 


FY "__ 


-y 


S. np »- & 


— 
— 


Ca 


SHS 8 & 


We 


J 5 Fa. 8s . t=t 


SAA 


LESSON II. 28 
is very vemarkable that these veins' are forniched 
with proper valves, which permit the chyle to move 
forward, but effectually stop its return; and that a 
great number of veins purely lymphatic, as well 
as + the Donn wee; Rn REC 

| Ioallchiocontrioanas eds avid; char the Gayle, 
being mary. and ee ee aid Wee wich 
abundance of lymph from the glands through which 
it passes, and from other sources, approaches still 
nearer to the nature of our animal juices, and con. 
:equently becomes more fit for nutrition. 

The chyle is pushed from its reservoir into a nar- 
row transparent pipe, called the thoracie duct, which 
climbs in a perpendicular direction by the ajde of the 
back-bone, from the loins up to the collar-bone; 
and opens into the subclavian vein; where, by the 
peculiar . of several small valves, the 
chyle mingles gentiy with the blood after it hae 
been thoroughly - elaborated; and attennated with 
lymph from every part of the "thorax, or great 
cavity of the 'breast, and is from thence, boca con- 


veyed to the heat. W 


. hardy erage] 
chanism, a large quantity of chyle and lymph is | 
forced upwards, in a perpendicular course, through a 
thin slender pipe; but to render this more plain, 
the following particulars must be attended tot — 
First, to the progress of the chyle, urged forwrd 
ind continued from the antecedent action of the 
3 T 5 - Intestines, 
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ries. Secondly, to the motion of the diaphragm 
and lungs, in respiration, pressing the thoracic duct 
falling resists their action, whereby the duct is 
8queezed between two contrary forces, and the 
liquor which it contains pushed upwards. Thirdly, 
this duct runs clode by the side of the great artery 
(called by anatomists, the superior portion of the 
descending aorta) whose strong pulsation presses iu 
Fielding sides, and. compels. the chyle and lymph to 
mount in an upright ascent; Fourthly, it must be 
observed, that this duct is accommodated with 
valves, which permit its contents to move upwards 

' þy every 3 bue never to fall back 
again. 

Thus terminates the second stage of comma 
when the chyle falls into the heart. And it may be 
seen that in the progress through these two stages, 
our aliment has been mixed accurately with all the 
nourishing juices and with all the substances or prin- 
ciples which compose the blood, viz. saliva, mucus, 
lymph, bile, water, salts, oil and spirits. 

Burt here it will be proper to take notice, that.the 
.  most fluid and subtile parts of our aliment, befors 
and after it is elaborated into chyle,. passes into the 
blood by certain absorbent veins. dispersed all over 
the mouth, gullet, stemach, and, intestines: when 
we consider how quickly refreghment and strongtb 
are communicated to, weary,, faint, and _ 
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people, immediately upon drinking a glass of god 
wine, or eating any cordial 8poon-meaty CCRT 
will appear the more obvious. 

The third stage begins where the chyle mingles 
with the blood, and falling soon into the right ven - 
tricle of the heart, is from thence propelled into the 
lungs. It will appear that the lungs are the prin- 
cipal instruments of converting the chyle into the 
blood ; especially if we consider their structure, first 
with regard to the air-vessels of which they are com- 


posed, and secondly with regard to their blood- 


vessels : for we shall then clearly perceive the change 
which their fabric and action must produce 1 
chyle. 

The windpipe is composed of segments of d- 
laginous rings on the fore part, to give a free passage 
to the air in respiration; and of a strong membrane 
on its back part, to bend wich the neck, and give 
way to the gullet in deglutition. This pipe is lined 
throughout with an infinity of glands, which per- 
petually distil an unctuous dense humour to lubri- 
cate and anoint the passages of the air. Soon after 
the windpipe has descended into the cavity of the 
breast, it is divided into two great branches, and 
these two are subdivided irito innumerable ramifica - 
tions called bronchia, which grow smaller in their 
progress, (not much unlike a bushy tree inverted} 
until at last they terminate in millions of little blad- 
ders which hang in clusters at their extremities, and 
re inflated by their admission of air, and ubgide- at 
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its expulsion. These clusters constinate the lobes of 
the lungs. 

The ede e lms auth wap 

attention. The branches of the pulmonary artery 
run along with those of the windpipe, and are ulti. 
mately subdivided into an endless number of capil- 
lary ramifications, which are spread, like a fine net 
work, over the surface of every individual air blad- 
der: and the pulmonary vein, whose extreme 
branches receive the blood and chyle from those of 
the arteries, run likewise in form aan 
che air-bladders of the hronchia. 
2 r 
obvious, that the crude mixture of the blood and 
chyle, passing through the minute ramifications of 
the pulmonary artery and vein, is compressed and 
ground by two contrary forces, viz. by that of the 
heart, driving the mixture forward against the sides 
of the bronchia and air bladders; and by the elastic 
Pays oat romeo, an. of 
COPING 

. Dyithaze thus agpwkts Ger che chg! le and blood 
are more intimately blended and incorporated; and 
by the admission and expulzion of the air in respira- 

pressed (and probably some subtile air or ether i 
received into the blood) by which means the mix- 
ure is still farther attenuated and diggolved; and 
after various circulations through the lungs and 
heart, and the whole arterial system, is at last per- 
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ſectly axsimilated wich the blood, being fitted to 
nourich the bedyz and answer ths difkrent purpose. 
of animal life, : 

When dhe oed ds propared from-the aliment, | 
is by repeated circulations gradually drained of all 
its bland and useful parts, arid hegins to acquire too 
great a degree of acrimony, it is carried off by 
both sensible and insensible evacuations, through 
the several channels and distributions of fiature. 
By these evacuations the body is made languid, and 
requires a fresh supply of aliment; while at the 
same time the raliva, and juices . 
intestines, growing thin and. acrid by multiplied cir- 
culations, vellicate the nerves of those passages, and 


excite hunger, as a faithful monitor, to remind us of 


that refreshment which-is now became necessary. 
And here I take my leave of the process of Coneoc : 
tion: in the consideration of which the young 
reader will find abundant cause for uns ers 
r 
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ON THE CIRCULATION r THE BLOOD. | 
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| The Blood, the fountain whence the spirits flow, 

The gen'rous stream that waters ev'ry part 

And motion, vigour, and warm life conveys _ 

To ev'ry particle that moves or lives ARMEtTRONG; 
p | 


Touch it be common to talk familiarly of 
the Circulation of the Blood, yet perhaps very few 
of my young readers are well acquainted with it: I 
shall therefore appropriate this Lesson to the pur- 
pose of giving them a brief, though I hope intelli- 
gible, description of the manner in which the, Cir- 
culation is performed. This important secret was 
brought to light by William Harvey, an Englih 
physician, a little before the year 1600: and when 
it is considered thoroughly, it will appear to be one 
of the most stupendous works of OMNIPOTENCE. 

To form a distinct judgment of the mechanism 
and importance of the Circulation, it will be neces- 
sary to describe the structure of the arteries, veins, 
and nerves; and take notice of some experiments 
made upon them; and then, must be considered the 


is propelled through, the, body; [to wh If 
proceed. , dine 44 


The arteries are blood-vessels consisting of close 


texture of strong elastie fibres, woyen in various 
webs, leid fin different directions, end ipterspersed 
with an infinity,of delicare nerves, veins, god mi- 
auter arteries. ; They are diyided and qubdivided ings 
numberless branches and, ramifications, that grow 
smaller and smaller as they recede from the heart, 
until at last their, extremities, become. much more 
Slender chan, the, hairy. of our heads, (and are there- 
fore called capillary arteries) which are ſound either 


to unite in continued pipes with the beginnings of 


the veins, or 20. terminate in mall receptacles, from 
which the veins derive their origin. The arteries 
have no valyes, but, only hape their trunks: spring 
from the heart: they. throb. and; beat perpetually 
whilst life remains; their extremities differing in the 
thickness of their; coats and some other particulars, 
according to the nature of the part which they per 
rade. All che arteries in the lungs (except the small 
ones that convey nourishment to them) are derived 
from the great pulmonary artery, which issues from 
the right ventricle of the heart. And all the arteries 


in the rest of the body-proceed from the aorta, (which 


obtained this name, because the antients thought jt 
cantaingd aj exiy}, whase trunk; qpringy; Gam6 
anne, „ eee > 


3 nnn 
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| The veins revernble the arteries in their figure d 
distribotion, but their cavities ave larger, and their 
branches, perhaps, more numerous. Their coat 
are much weaker and more lender than chose of 
the arteribh, They are fiitnithed With several valves, 
contfivbd in sach Aim net. as 6 permit tie Blodd to 
Pais freely fron die qriatfl? Int che 
but stop fts retrogfettot. They veither! dreh Yor 
beat: Thetr begitinings form continued pipes with 


the extremities of the arteries, or urise from some 


gland ot receptact# where tlie arteries terminate: 
Att he dei i the lage. kom their capiliary be- 
ginnings growing still Fr ger, unite af last and dis. 
charge their Blood int the left zuricle of the birt? 
and all hose in the rest of the body empty them- 
selves in like hantier, "Hit tlie vena” n en 
opens into the Hght z6rfeſe öf the heit. 
The nerves deduce der vrigit Kea de Wa or 
ſes dppeithages, f in s&veraF-paire;' of H &yfadric form; 
(like so many skems' of dead with thei respective 
sheaths,) which in theirprogresy decrease by endless 
divisions and . they spread 
themselves int6 a texture of filamefits, so slender 
and 80 closely interwoven with each other over the 
whole body, that the point of a needle” can hardly 
be put) upon any part of it; n eee 
licate branch of some nerve. 
It has been found by many ul,, Gu es ws 
artery is laid bare, and a ligature made upom it, i it 


de opened with a lancet between the ligature and 
h 2 * the 


a — 4a W 8 A Pr==y 


. RY RU RR 


LESSON XXRIK. 8 


the hearty the blood: will rush out with! greaq M= 
lence; and a rapid, jerking stream will oontnue (af 


it be not stopped by art) until, through:/loes/ of | 


blood, che animal faints or dita. But if the «amd 
artery be bpened between the ligature: and entre 
ee ee, ee 
wounded coats thereok 1 4 


On che other eee ' 


and a ligature made upon it, if it be” opened be- 
tween the ligature and the extramities,/ the blood 
will gush out, as we see in common venesection. 
But if the same vein be opened betvvem the binding 
and the heart, no bleed wilk appear From theve 


that the blood flows from the heart, through the 


eren 


turns again through the veins to the heart. 

For the regular performance and contimdation:bf 
this motion of the blood through ah the different 
parts of the body, the wise AKCHITEOF: has furs 
niſhed the heart, which is the promum mobile, give 


ing the first impulse, with four distinct muscular ca- 


vities, that is, with an auriele and a ventricle” om the 
tight side, and an auriele and ventricle on che left; - 
Ihrough these cavities, curiously adapted to he 


rexpective offices, the blood circulates ity the fob w- | a1 
ing order: — It is received from the veins, firut into 


the right auricle; which contracting itself, publics the = 


blood into the right ventricle at that instant' dilated: 
The moment this ventricles filled it contracts elf 


experiments it is obyious to the alightest attencion; - 


— 
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with great force, and impels the blood into the pul- 
monary artery,-which passing through the. lung, v 
and returning by the pulmonary veins, is received p 
into the left auricle of the heart, and from thence it rt 
is pushed into the left ventricle: which being thus g 
filled, contracts itself, and drives the / blood with tc 
great rapidity to all the parts of the body, and from 
them it returns again through the veins into theright 
auricle of the heart, as before. 
It is very remarkable, that we have here a double 
Circulation: one, from, the right ventricle, through 
the hings, to the left auricle of the heart, in order 
to convert the-chyle into, blood, and finally pre- 
pare it for the nourishment of the animal. The 
other, from the left ventricle, through the whole 
body, to the right auricle of the heart, which serves 
to apply that nourishment to e parts besides va- 
rious other purposes. 

But to proceed, Of these four muscular cavities, 
the two auricles are contracted at the same instant, 
while the two ventricles are dilated; the ventricles, 
in their turn, are contracting themselves at the very 
instant that the auricles are dilating. The arteries, 
in like manner, beat in alternate time with the ven: 
tricles of the heart. 

Ihe nerves, as well as the veins and arteries, act. 
their part in this rotation of the Blood; for if the 
eighth pair of nerves which proceeds from the brain 
to- the heart be bound up, the motion of the heart 
immediately languishes, and soon ceases entiraly. = 
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Thus we have a species of perpetual motion, * 
which none but a Being of infinite wisdom and 
power could produce; and probably its continuation 
requires the constant aid of the game hand that tt 
ave it existence. The brain transmits animal spirit 
to the heart, to give it a vigorous contraction. 
The heart, at the same instant, pushes the Blood 
into the brain to supply it with new spirits; by. - 
which means the head and the heart give continual 
mutual support to each other. But this is not all; 
the action of the heart sends the Blood and other 
vital humours over the whole body by the arteries, 
and distributes nourishment and vigour to, euery 
part, (while perhaps the animal spirits, from the 
extremities. of the nerves, return again into the 
Blood) and the whole refluent ' mass is conyeyed 
back through the veins into the heart, which enables 
it, without intercpioeiog, to. persist in W wack 
tide of life. WY | 

But hore nt nent meat that the argeties- 
pass on to the extremities of the limbs, before they 
communicate with the returning veins : for upon 
this supposition, after an - amputation has been per- 
formed, whatever Blood might be brought to the 
stump by the arteries, it is certain, none of it could 
be carried back again to the heart; because the in- 
tercourse between the heart and the limbs would, in 
this case, be entirely cut off. But the all-wise 
AUTHOR of our being has provided for this exigeti» 
cy, by forming a great number of less branches 

N | from 
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from the larger arteries, which constaintly com. 
-municate with corresponding branches of the re. 
turning veins. And hence, it is easy to conceive, 
how the Circulation 1s carried on, alder e 
has been performed &. 
From what little has been advanced in this and 
the two preceding Lessons, the unprejudiced young 
reader will find a striking display of the wisdom and 
goodness of our CREATOR. To those who «till 
hold to the negation of such a being, I scarcely 
know what to say: for they who live, move, think, 
and act, must be left without excuse, if they deny or 
forget Gon, or refuse to honour and be thankful to 
him. Those who withstand the evidence of the 
works of nature, when properly observed, are not 
likely to be convinced by rational deductions; but 
will probably continue infidels (unless their heart 


be changed by divine grace) until they” are con- 
vinced of their fatal mistake, by experiencing the 
indignation of that ALMIGHTY | BEING, whos: 


existence ry _ $0 impiously W 


* eee ee e. 
eee. thereof has undergone a con- 
plete circulation; although several computations have been mad; 
the matter is not decisively. settled. Dr. Furin and Dr, Ki, 
have most distinguished themselves in inquiries of this nature 
but they are far from agreeing in their conclusions: the wb 
atance of their calculations and experiments may be sen in Ds 
Nees improved edition of Cnana3ns's CYCLOF @D14; under if 


a doped ard deere, 7 
But 
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* But this, I sincerely hope, will not be the case 
re. (Wich any of the youthful perusers of these Lessons: 
however in this sceptical age, when every part of 
* divine truth is questioned, oppesed, and alas! too 
frequently holden. in derigion, it becomes us to be 
* wary; and not only 80, but to join in a general en- 


ing deayour to persuade those who are deviating from - - 
PP: the true path, e to return. thereto. 


* Come! all ye nations bless the Lon 5, 

17. | To him your grateful homage pay i 

nk, Your voices raise with one accord, SIREN? 
ſo mene 7 Yo 
| to $78 

the From clay our complex 1 

not And succours us in time of need: | 3; 301 
* Like sheep when wandering from their folds | 
1 He calls us back, and does us feed. $I 

_"t Then thro* the world let's shout his praise, 

the Ten thousand million tongues should join, 

108 To heav'n their thankful incense raise, 


And sound their Maxzx's love divine. 


When rolling years have ceas'd their round, 
- Yet shall his goodness onward tend; 
For his great mercy has no bounds, 
His truth and love shall never end! 


1 
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4 \ "4 7 
CONCLUDING REMARKS AND ADVICE, 


Ye guardian powers, who make mankind your care, 
Give me to know wise nature's hidden depths, 

Trace each myſterious cause, with judgment read 

Th' expanded volume, and submiss adore | 
That great creative will, who at a word * 
Spoke forth this wond'rous scene. SOMERVILLE, 


: - 


— — 
F i 
' 


Y \ HEN wecconsider the contracted and confined 


nature of human knowledge, even in its present 
improved state, we must not anticipate to ourselves 
che pleasure of obtaining such a degree of philogo- 
phic ſkill, as is described in the above - cited lines of 


the poet: for it may be recollected that, when en- 


deavouring to elucidate the causes of nol of the 
grand phznomena of nature, we more frequently 
proceeded upon conjecture and hypotheses, than 
upon any real and permanent foundation. How- 
ever, though this be admitted, at must not be con- 
cluded therefrom that we should be entirely inat- 
tentive to philosophic speculations ; for contempla- 
tions of this kind, when properly regulated, have 2 
gendency to correct . opinions, which we 


migh 
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might otherwise entertain of the wisdom and good- 
ness of that BEING who created the universe. 

It is in conformity to this idea, that I have in the 
foregoing Lessons attempted to describe to you the 
nature and supposed causes of some few of the nu- - 
merous objects and appearances in creation: and 1 
hope that, even from the descriptions which I have 
given, faint and imperfect as they must be acknow- 
ledged to be, I.shall be justified in adopting the 
language of Mr. Cubes when he says, That man 
must be blind, who, from the most wise and 
excellent disposal of things, cannot immediately 

« perceive the infinite wisdom and goodness of the 
« Almighty Creator; and he must be mad, who 
refuses to acknowledge them. f 

I have; in the course of these Lessons, a 
referred you to such works of eminent writers, as 
may be congulted with advantage; I shall now, 
previous to drawing a cdnclusion, mention some 
other authors in whose works you may meet with 
more information; not only on the subjects treated 
upon in this performance, but on several, which the 
narrow limits I am confined WW, have hindered me 
from even mentioning.  '* | 

On Anatomy I would eee the works of 
Borellt, Ha roey, Hunter, Jurin, Kell, Motherby, 
and Nieuwentyt. On Astronomical wbjects, Bon- 
nycastle, Bryan, Emerson, Ferguson, G gregory, 
Neill, Long, Maskelyne, Vince, and Wales, are 
writers of distinguished reputation. The best writers 

N 1 on 
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on Electricity, are Brooks, Cavallo, Ferguson, 
Franklin, Morgan, and Priestley. On Optics, 
the performances of Harris, Martin, Nxwrox, 
Smith, and Mood, will particularly merit your at- 
tention. Various other parts of Philosophy, or 
Natural Philosophy in general, may be | found 
treated on, either in a popular or scientific way, in 
the works of Desaguliers, Emers0n, Enfield, Fer- 
guson, Gregory, Neill, Martin, Mariotte, Nzw- 
ToN, Nicholson, Nieuwentyt, Rvwning, Ruther- 
forth, and Ryland. There has also been lately 
issued into the world, a Dictionary, by my highly 
esteemed friend, Dr. Charles Hutton, of Woolwich, 
in which abundant information on astronomical, 
mathematical, and philosophical subjects may be 
met with. I would also recommend to your notice 
the periodical publications in which philosophical 
and mathematical questions ure discussed: the prin- 
cipal of these are, the Ladies Diary and Supple- 
ment, Gentleman's Diary, Jrientiſie Receptacle, 
Mathematical Repository, and the Student; be- * 
sides monthly PINES several of which are 8 
worth notice. 
Above all, I must entreat t my young addin 5 
do imbibe religious principles *: for it is religion 


r 


. With the talents of an angel a man may he a fools if 
judge amiss in the aupreme point, judging arighi in all else but 
1 Aggravates his folly, as it shews him wrong, though blest with 
bo the best capacity of being right,” - DR, YOUNG, 
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only that can regulate the heart, —it causes it to 
, melt in sympathy at another's distress, or to glow 
, with pleasure at another's happiness,—it is this alone 
, that can harmonize the mind, yan! 
r c Attuning all it's Wan heed 55 
, The astronomer, if enlightened by it, must con- 
template, with wonder and admiration, those lu- 
; minaries on which his eye so often gazes with plea-- - 
sure. The philosopher too, when the wonders of 
nature are open to his view, with what adoration. 
and gratitude must he look to that great source 
from whence they flow] Nay, in all professions, 
how imperfect is man, unless illumined by the 
bright rays of religion, which like that glorious 
fountain of light, the sun, will 2 all our 
paths. 

Here though, it ought be that the 
religion which requires the stern rod of hierurchal 
jurisdiction for its support, does not always happen 
to be the true one; nor are those who are found in 
che gaudy trappings of sacerdotal array, always the 
imparters of sound doctrine: we have the written. 
word of Gop to direct us in this important business; 
and we are endowed with understanding and con- 


science, to render us capable of judging of its mean- 
ing; without trusting too much to the $0me-tinies . 


DAYS. 
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Let me beg of you therefore to study with par. 
ticular attention, that much neglected book the 
BrBLE; where energy of language, sublimity of sen- 
timent, and the most exquisite beauties of oriental 
poetry, are. among the least of its 'perfections * : 
from reading this book, and from contemplating 
the works of nature, we may learn that God s a 
Supreme, eternal, el existent, necessary, and 
independent Being; that he is also invisible, im- 
mortal, incomprekensible, omnipotent, omniscienl, 
ommipresent, and upremely good. We may als 
thence deduce, that He manages the world in wis- 
dom and goodness, and goyerns it in justice, truth, 
and holiness; that Not a sparrow falls to the 
« ground without HI * that © Even the hairs 
« of our head are all mamberes ;: and that all 


. aid nn ester be cs Hus 
eee. is above all praise. But 
before it can be of advantage to a reader, he ought to be convinced 
of the truth of revelation. Young persons should assent to the doc- 
trines in this divine book; not, because they were born in a 
country where they have been tald that they were true; nor, 
merely because they have been assented to, and defended by, very 
eminent men; but, because the evidences accompanying the va- 
rious parts of the volume, have convinczp them, that it has 
Gov for its author, TxuTH for its matter, and 8ALvAT10N for 
its end. 1 cannot help adding, that when youth make these 
F evidences the subject of their pursuit, they should bear in mind 
A precept, which ought always to accompany them when pur- 
tuing truth: namely, © As far as possible get rid of old prejudices, 
4 and watch continually against new ones,” 

second 
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second'causes derive” their origin, mate, and 


eicacy from HrM alone. 


Since then, THE Loxp Gon, is himself the 
souree and perfection of all beauty and excellency, 
the Author of our existence, and the bountiful 
giver of all good gifts; we undoubtedly ought to 
love him with our whole hearts, and 0 gerve him 
with all our powers; we ought to reverence his 
majesty and authority, and endeavour above all 
things to obtain his favour ; we ought to devote, 
ourselves entirely to his service, and make all our 
actions tend to the adyancement of his glory. And 
as his mercy and goodness are unbounded, 30 Should 
be our gratitude and praise. 


. J=novan reigns: tet ev'ry nation hear, 
And at his footstool bow with holy fear; 
Let keay'n's-High arches echo with his name, 
And the wide peopled earth his praise proclaim z 
Then send it 'down to hell's deep gloom rexounding, | 
Throꝰ all her caves in dreadſul murmurs wendig 


He rules with wide and absolute command, 7 
Ober the broad ocean and the stedfast land: 
Jznovan relzns, unbbunded and alo 2. 


And all creation pe renal his throue 1 

He reigns alone 5 | "Ie Dare... (:4 617” oy 

vip br Mare the he Sj o the Creator, i i [10:42 | | 
He sa the veruhglimg/botalivibi infant Ught w 
Shout tio thei mis &p:gloom-of arent . N 
His spizit husb d the elemental strife, i 


. 14a 
. + Seagons and months began the long procession, 
And measur'd o the year in bright succession. 


My Tha” 


j 
' 
| 
{ 
| 
f 


a 214 LESSON - XL. 


The joyful un sprung up th' ethereal way, 
Strong as a giant, as a bridegroom gay; | 
And the pale moon diffus d her shadowy light 
Superiour o'er the dugky brow of niht; 
Ten thousand glittering lamps the skies adorning, . 
ene 


Earth's blooming face with diss fow'rs he ders dd, 
Aud spread a verdant mantle o'er her breast; 
Then from the hollow of his hand he pours 
The circling waters round her winding shores, 
- The new-born world in their cool arms embracing, | 
AR IInne Oat Gr, + | 


| . 

, All fair and spotless like a virgin bride: Ws. 

Frech with untarnish'd lustre as she stood, 

Her Max EA bless'd his work, and call'd it good; 
The morning stars with joyful acelamation, 
Exulting sung, and hail'd the new'creation,. /  .* 

| rt eee en B71 

Yet this fair world, the creature of a day, 

Tho? built by God's right hand, must pass aa 
- And long oblivion creep o'er mortal things, 

The fate of empires, and the pride of kings z . 
Eternal night hall veil their * Ne 


And drop the curtain ger, uman glory, 
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The zun himself, th ara 4 
Shall in his Alent, — Sopaee ro * 
His. golden urn shall broke und useless He, N 
Amidst the common, rying of the sky f: 
The stars rush headlong in the wild odmmotion,” 
Ant bat igang ada nth ven! i 
| Sei $97 ined fapog. bas 20700" ut 
4. 29 Niete 2 169% 943 19'S Þ 04126540 e, 
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But fix'd; O Gov * for ever stands thy throne, - 

Jznovan reigns, a universe alone; | 

Tu eternal fire that feeds each vital flame, _ 
Collected or diffus'd is «till the zame. - 
He dwells within his own unfathom'd essence, 
n 


But ch — the thems debave, 
And silence is our least injurious praise: 
Cease, cease your songs, the daring flight controul, - 
Revere him in the stillness of the soul; 
With silent duty meekly bend before him, 
Heart 414/51 
Mat. Ar 
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CONTAINING SOME ADDITIONAL REMARKS oN ; 


HEAT. COLD, AND LIGHT. 


— 


TRxERx is but little probability of bur arriving u 


any great degree of accuracy in our opinions con- 
cerning these subjects, if in our reasonings upon 
them we only consider them separately; for there 
are several cases in which they have a dependence 


upon each other, which can only be traced out by _ 


considering them together: to answer this DR 
the following pages are written. ho 

As in the course of our discussion, the egise of” 
heat and cold will be spoken of, it appears neces- 
sary to premise a little with regard to the instrument 
dy which they are usually (though not alijays) 
measured. This instrument is called a aa et 
meter: to describe it with a nice particularity 


not requisite, since more may be learnt from a br | 
minute's examination of one, than could be ga- 
thered from a description which might fill half a 


dozen pages. In order that thermometers of dif- 
Ferent sizes may e een 
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sion in determining the heat or cold of bodies applied 
thereto, it is necessary to fix upoh two certain points 
at some distance, of each of which we. can judge 
by - unvarying criterions., These in Fahrenkeit's 
Thermometer (the one most generally used) are 

the Boiling and freezing points of water: with re- 
gard to the former of these it should be recollected, 
as observed in the twenty-ninth Lesson, that the 
degree of heat at which water boils, is varied by 
the difference of the pressure of the atmosphere; 


the boiling heat is therefore taken at some certain 


degree of pressure; the degree now used is such as 
makes the mercury in a baremeter stand at 291 
inches: as to the latter of these points, it does not 
appear to be a proper criterion, or, at least if it be, 
it has a wrong name affixed to it; for it is well 
known that, though fluids always thaw at the same 


is liable to be varied with circumstances: it would 
therefore be better, if in future this latter point-were 
Aid aside, and instead thereof the thawing point made 
Sc of. SALT 

| The different degrees of heat and cold are ge- 
. nerally estimated by their distance either aboye or 
below the freezing point, those above may 180 
| noted by the affirmative sign, those below by the 
negative one: though sometimes the words at length 
are used; and at others, the expressions above on 
below CK are made-use of; but hit Pa me- 


degree of heat, yet the degree at which, they Freeze + 


on SM 
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Those who purchase thermometers ready made, 
could pay particular tube and cor- 
responding divisions: it is frequently found that the 
tubes, instead of being cylindrical, are smallest in 
the middle, and widen gradually towards each end, 
like two conic frustums joined at their less bases. 
When this is the case, it is proper that the divisions, 
instead of being equal, should be longest in the 
middle, and decrease by regular gradations toward 
each end, so that the cavity in the tube shall con- 
tain the nnn nen e e 
divisions. 

We eee immediate! objects 
of this Appendix, namely, Heat, Cold, and Lig ht. 
The two latter of these will not be considered very 
attentively, only as they are connected with the 
ſormer, which will be handled more at large. 

Heat and Cold are to be considered either as par- 
ticular sensations, or as the causes of powers Huch 
bodies possess of exciting those sensations. Thus, 
we say that we ourselves are hot or cold, and that 
the fire or ice which heats or cools us is hkewise 
hot or cold: though the sensations we experience 
are certainly very different things from that Which 
enables these bodies to excite them. It must be ob- 
served that the sentations of Heat and Cold are very 


temperature of the body in which they are excited: . 
for we may feel a substance hot when it is in the 


11 


4 


fallacious ones, in 30 far as they are effected by the 
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at another time. To elucidate this we may ob- 
serve that when we have been accustomed to live 
in an atmosphere of betwixt + 60 and + 709, if 
the Heat fall to + 60 we feel it cold: but, on the 
contrary, if we have lived in an atmosphere of be. 
tween + 40® and + 50%, if the heat rise to 605 
we feel it very hot. Again, let two basons' of 
water be taken, one heated only to + 359, the other 
to + 110, and put one hand into the one, the other 
into the other bason, for some time: if we then 
immerse both hands in water heated to 4 60, we 
shall with one hand feel this Cold, with the other 
Hot. Hence it may be reasonably inferred, that 
we cannot judge with precision of Heat or Cold by 
the sensations they excite in us. 

In the next place, we are to consider Hons 
Cold as the causes of powers which bodies possess 
of exciting particular sensations. As to Cold, it is 
geldom supposed to be either matter itself or à qua- 
lity ; it is more commonly looked upon as a depri- 
vation of Heat, for the less the heat, found in a 
body, the greater the Cold, and vice verſa : there 
are particular cases in which Cold may be produced. 
1. When some particular chemical attraction takes 
place, Cold is produced. 2. Ihe conversion of solids 
into fluids, and of fluids mto vapour, produces Cold, 
as is shewn by chemists. Ang 3. Cold may be 
produced by animal powers. It is not intended to 
relate experiments by which these may be proved: 
dut the grand question which we most wialoto de · 


* 
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termine, is, with respect to Heat, whether it be 
matter under some particular form, or only a qua- 
lity? That our reasonings on this important zubject 
may have the better effect, we must first reflect 
upon the various means of producing Heat. There 
are several ways by which Heat may be generated. 
1. By means of the sun's rays. 2. By exciting vibra- 
tions in solids. 3. By the taking place of certain che- 


mical attractions. * 4. By conversion of vapours into 
fluids, and of fluids into solids, 8. 4 mimar 


powers. 6. In volcanos. 

And first, if a cold boty be cape oth fs 
of the sun, it will be heated. 

It has been frequently conjectured that the sun 
was fire, burning and heating other bodies in like 
manner as a culinary fire: but the celebrated Dr- 
Fordyce has asserted, that the sun is probably nor | 
at all hot in itself; neither are the solar fays hot, 
but have only a power of produeing Heat on being 
applied to other bodies. An opinion very little dif- 
ferent from this is also entertained by Dr. Milliam 
Herschel, and supported with the authority of de- 
monstration. As a farther consideration of this sub- 
ject may tend to correct our notions concerning 
Light, it is here attempted. © - _ | 

It is a constant rule, with regard to hot bodies, 
that they heat all colder bodies which are brought. 
near them. Though it must be allowed (as will be 
hereafter seen) that some bodies will receive Heat 
with more readiness than others: however, this wil 
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not easily form. an objection ta what immediately 
follows. ST 

| Now, if we take a large burning glass and hold 
a piece of iron in its focus, such heat will be pro- 
duced as to melt the iron. But the glas through 
which all the rays passed is scarcely heated at all: 
and when they fell on the iron they were no hotter 
than water when it is poured on vitriolic acid. But 
if we place water which is perfectly transparent in 
the focus, no heat will be produced: nay, if spirits 
of wine were placed in the focus they would scarcely 
be heated, But the same Heat which melts iron, 
would more than suffice to make water boilz from 

this experiment then, with6ut advaycing farther ar- 

guments, it appears that the rays in themselves have 

no Heat; and there is no reason to suppose that the 

sun is hotter than the earth we inhabit. 

It is à question that has been much agitated, 
whether che solar rays be matter, or only an ar- 
rangement of matter; but their materiality-is now 

pretty generally agreed to; but a question which 

has not yet been answered satisfactorily, is, * If 

Light be matter, what becomes of it? Perhaps | 

there is a distinction between Light and the solar 

rays, which has not yet been properly attended to. 
The: sun's rays heat bodies only when they are 
bent or destroyed, (The term absarbed does not 
in our opinion exactly angwer the purpose.] Heng 
they do not heat water if perfectly transparent; 


neither, do they heat the air above the clouds: at 
_ 
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cases, the Heat is «0 trifling as to be scarcely worth 
mentioning; The upper regions of the air then, are 
extremely cold, though expoded.to the (rect action 


of the sun. £31541 441 ovits) tic t 


When a ray of Light is reflected, it doeq not 
touch the body reflecting it; but is thrown, back. 
before it arrives at the surface: therefore the more 
white bodies are, ar the more highly. they are, po- 
lihed, the less they are heated, because they ra- 
flect more of the rays: and hen a body is per- 
fectly white it reflects all the light, and is not ann 


at all. 


destroy the more solar rays, and a perfectly black 
body would destroy them all; hence bodies are 
more heated, cet, pur. as they are Bin colpured 
by this cause of Heat. 

When, a buds ts anna. bs Mower tne 
of glass so (which may have no colour) it de- 
$troys part of the rays, or at least, suffers them to 


that they cause it to be heated. 
Heat is a quality*: but Heat, as a quality, cannot 
were possible to produce a perfect vecuwm,; there 


conclude, that the denser a body is, the more Heat 
275 may 


least, as very lis beating. hs line. 46 hs 


Bodies 5 


approach 80 nm 
Thus far our reasonings induce us — F 
exist without a substance to exist in. So that, if it 


could be no Heat therein. This also leads us ta 5 


— 
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| a 
SJ be therein produced ; other circumstanves be- = 
ing the tame. | t 
Heat, it is affirmed, 4 0 
solar rays at the surfaces of bodies: consequently t 
the interiour parts can only be heated by commu- b 
nication; And if we keep in mind that heat is more 8 
readily transmitted, communicated, and received, te 
by some bodies chan others; it will chen appear q 
that, as a body receives Heat with more facility, it 
will de che moré Keated by the sun's rays :. as 2 1 
piece of iron will ve Ane * e A 
wood. i Et EUA 159 = 
We have seen as 1 the 1 2 * are not th 
hot in themselves :—that they produce Heat only T 
when they are bent or destroyed:—that therefore H 
they do' not heat transparent bodies, nor do they to 
heat in passing through them, en pe 
trance and passing out again. 8 H 
| It is evident, since the rays of the Sun | * a w 
power of producing Heat, that they will heat a body th 
more, the greater the quantity is that falls on it, zu 
From this principle, combined with some particular qu 
circumstances, arises the different Heat and Cold ce 
of the seasons, and of different parts of the earth. thi 
For instance, the Heat about the equator has been ny 50: 
known to arise to + 110® and, it is said, that the 
Cold in Siberia has been as low as — 160 but the Ht 


truth of this may be doubted, for I do not see how 


80 great a degree of Cold can be precisely mes. 
gured. 


The 
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The heat produced by the solar rays is increaved 
also by reflection of them: if they be frequently - 
reflected, a greater. Heat is produced than even if 
they be all destroyed. Thus we find that if we re- 
ceive them into a box so constructed as to reflect 
them frequently from -gide to side, more Heat will 
be produced than in a box made black, so as to de- 
stroy them almost all. Hence, in vallies, even in 
temperate climates, where the rays are reflected fre 
quently, very great Heat is also produced, K 

The different distances of the planets from the 
sun, it is imagined, makes a great difference in the 
number of the rays and in the miomentum with 
which they fall on them. So that it has been 
thought that Mercury is exceedingly hot, and Geors 
gium Sidus cold beyond conception: but since the 
Heat produced in bodies depends on their disposition 
to receive it, the several . planets may be so com- 
posed as to have but a very trifling difference in the 
Heat produced by the solar rays. Hence then, 
what has been hitherto said concerning the Heat of 
the planets, as calculated on the supposition of the 
zun being the source of Heat, may be called in 
question: and, perhaps the N ewtonian opinion con- 
cerning comets (recited in the astronomical part of 
this work) may in time be entirely abandoned, and 
some later hypothesis generally received. mg 
Aeg much for the un webe of producing 

cat, 


CU 
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— qroducieg ect in-by euiding 
vitention insolids. Whether fluids canbethus heated 
we don't know: there is no clear instance of heat 
' being produced by their vibration. We may excite 
vibration in solids, by friction or by collision: if we 
rub together or strike two bodies, if they have any 
elasticity they will vibrate. The rougher bodies are 
which are rubbed together, the greater vibration is 
produced, and therefore the greater heat. The vi- 
bration is also, cet. nenen 
ticity of bodies. 
In Count Rumford's ninth 1 which l 

enquiry into the source of the heat that is excited 
by friction, many interesting experiments are re- 
lated. From these experiments it appears, that 
sufficient heat was produced by the friction of two 
metallic surfaces (when the access of atmosphe- 
rical air was entirely prevented) to make water ac- 
tvally boil. It appeared that a very considerable 
quantity of heat was excited by the friction, and 
given off in a constant stream, in all qzrections, 
without interruption or intermission, and without 
any signs of diminution or exhaustion. 

This ingenious philosopher, when reasoning on 
these experiments, gives satisfactory reasons to 
prove chat the heat could not be furnished either by b. 
the air, or by the water which surrounded the m- 
chinery. And, considering that the source of the 
heat generated in these experiments, appeared er- 
dently to be inehaustible, he naturally 20 
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that heat could not be matter: for, says he, It 
« is hardly necessary to add, that any ching which 
« any tnsulated body, or system of bodies, can 
% continue to furnish without limitation, cannot 
« possiblj be a material substance.” 

Another method of producing heat 26 by hd 
taking place of chemical attractions. Every che- 
mical attraction as far as we know, in taking place, 
produces either heat or cold: whether it be simple 
combination, elective attraction, or compound elec- 
tive attraction. Some of the chemical attractions, 
are attended, besides the production of heat, wih 
another striking phænomenon, namely, the pro- 
ducing of light. For instance, this is produced by 
the combination of resp. air with phlogiston: and 
other instances might be adduced; this strikes out 
an interesting subject of philosophical inquiry. 
The fourth and fifth methods of producing heat 
might be descanted upon very copiously; but per- 
haps this would have but little Oy" towards 
determining what heat is. 

Lastly, Heat is produced in volcanos. Ts tes 
commonly been supposed to be by the burning of 
fuel. But it is evident that it cannot be produced 
by this cause, or by any other known means of he 
production of heat. The burning of fuel, it is 
known, destroys a proportionate quantity of air: to 
produce a very great degree of heat requires stil 
more to be applicd than is naturally combined with 

| | | hos 


-, 


phlogiston. Now the whole island 'Suntalina is a 
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mass of iron ore very difficult of fusion, which was 
fused and thrown up from the bottom of the ea in 
the midst betwixt two shores by this heat; where 
no air could therefore possibly come. And if it 
could, it would have required more in quantity than 
would have exhausted the whole atmosphere, to 
animate fuel enough to have produced the heat. 
In Friesland, some time ago, there was a tract of 
country 100 miles across, the whole of which (with 
men, animals, trees, and whatever was on it) was 
melted. into one common mass. This heat then, 
. cannot be produced by the burning of fuel; much 
less can it be by the decomposition of | pyrites, 
which is indeed the burning of sulphur. And by 
what means such intense heat is produced, we are 
at a loss to determine. © 

HFaying spoken of the various methods of pro- 


ducing heat, we must next observe, that bodies may 


be heated by communication. And several experi- 
ments might be described to shew, that son bodies 
will both communicate and receive heat more rea- 
dily than others. It is the same with respect to 
cold as to heat: for those bodies which receive heat 
most readily, most readily part with it, and if the) 
do this, they must also suffer it to pass through 
them (speaking of it as though it were a body) 
from one substance to another, or d it most 
Fra al and vice verſa. 1225 

Tron 
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Iron is a good conductor of heat; on the con- 
trary, wood is one of the best non-conductors of 
heat known. That the former is a conductor, and 
the latter a non- conductor of heat, is evident from 
the following simple experiment: if you take a nail 


* 


or a small piece of iron, and hold in the flame of a 


fire or candle, it will speedily become +80 hot all 
over, as to oblige you to relinquish your hold; but 
if you take a small piece of wood and hold in the 


flame, you may keep hold of it till it is nearly all 
consumed by the fire,. without being incommoded 


by the heat of the wood. Hence heat passes with 

ease in iron, and with difficulty in wood. 
From the results of various experiments, Count 

Zumford * concludes that water, oil, mercury, 


and 


® In the Essays of this philosopher, very ingenious principles 
are applied to practical uses in the great art of living. That my 


young readers may have an idea of the advantages which may 


ar'se, from applying philosophical principles to such 9 1 
p:escnt them with the ſollowing extracts: 
In Essay VI. the Count says, — Among all the various wb. 


« stances of which coverings may be formed for confining Heat, 


* n2ne can be applied with greater advantage than atmospheric 


„air. It is. what Nature employs- for that purpose; and we 


cannot do better than imitate her. 


„ Tbe warmtlr of the wool and ſur of beasts, and of the ſra- 
** thers of bircs, is undoubtedly owing to the air in their inter- 
« $tices; which air, being ſtrongly attracted by these substance, 


is confined, and forms a barrier, which not only prevents the 


0 cold 
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and air, are non-conductors of heat: indeed he 


thinks it essential to all fluids, that they should be 


non-conductors of heat; or that all interchange and 


ce 
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communication 
cold winds, from approaching the body of the animal, but 
which opposes an almost insurmountable obstacle to the escape 
of the Heat of the animal into the atmosphere. And in the 
same manner, the air in snow serves to preserve the Heat of the 


earth in winter. The warmth of all kinds of artificial cloth» 


ing may be shewn to depend on the same cause; and ere 
this circumstance more generally known, and more attended 


to, very important improvements in the management of Heat 


could not fail to result from it, A great part of our lives is 
spent in guarding against the extremes of Heat and of Cold, 
and in operations in which the use of Fire is indispensible ; and 
yet how little progress has been made in that most useful and. 
most important of the Arts—the management of Heat 

% Double windows have been in use many years in most of the 
northern parts of Europe, and their great utility, in rendering 


the houses furnished with them warm and comfortable in 


winter, is universally acknowledged, - but I have never heard 
that any body has thought of employing them in h6t countries 
to keep their artments cool in summer; yet how easy and 
natural is eas: of to simple and 80 uscful an in- 
vention If a double window can prevent the Heat which is 
in a room from passing out of it, one would imagine it would 
require no great effort of genius to discover that it would be 
equally efficacious ſor preventing the Heat without from com- 
ing in. But natural as this conclusion may appear, I believe it 
has never yet occurred to any body; at leaſt, I am quite cer- 
tain that I have never seen a double window, either in Italy, o 
in any other hot country, I have had occasion to visit.“ 


A little 
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communication of heat among their particles, or 
from one of them to the other, is absolutely 1m- 
possible. Glass, when rendered of a loose texture, 
conducts heat with very great diſſiculty. Insomuch 


that the lava of a volcano has, sixteen years after an 
eruption, been found red hot a foot under the sur- 
face of such glass, though this was quite cool. 
This circumstance might very probably give the 
hint for the assertion (paradoxical as it may seem 
without proper deliberation) that it would be no dif- 
ficult matter to convey an iron ball red'hot from 
London to Lincoln: to perform this, it must be in- 
closed in pumice stone, which is very porous glass, 
formed by volcanos, and then covered over with . 
fur. It is also easy, by covering a room with fire, 
to preserve the air in it of the same temperature; 
without bringing any thing into it either hot or 
cold, for a very great length of time. 1 
As to the effects produced by Heat; it is known 
to expand bodies, and some late chemists affirm; that 
it tends to diminish every attraction we are ac» 
quainted with: they produce experiments to. evince | 
A little farther on, he $2Y $,-« There ts 40 rermurnichrien of 
« Hcat between one particle of air and anather particle of air. 
„From hence it follows, that though air may, and undoubtedly 
does, carry. off Heat, and trunſpert it from one place, or frem 
« one body to another, yet a mass. of air in a quiescent $tate, or 
with all its particles at rest, could it remain in that nate, would! | 
de totally impervious to Heat; or such a. mass of air would be ; 
& per fect non- conductor 


* 
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that Heat diminishes the attraction—of gravitation, 
—of cohesion,—of magnetism,—of electricity, and | 
chemical attractions. But though it may be the 
case in particular instances, it will be better not to 
be too sanguine in imagining that such effects will 
take place univerſally. The assertion may be dis- 
puted with regard to the attraction of gravitation, 
and that of electricity. However, those who allow 
that Heat universally diminishes the electrical at- 
traction, will strongly contend in support of their 
opinion, because they may thereby explain wich fa- 
cility the reason of the frequency of —_— 
in summer. 

From a review of 4 been here advanced, 
we shall find that there are few, or, perhaps, we 
may confidently say, no appearances, but what will 
admit of as easy an explanation, by conjecturing 
that Heat is a quality, as by supposing that it is a 
substance. Nay, some of the phenomena, particu- 
larly those which attend the production of Heat by 
friction, or vibration in solids, will (as must appear 
from what has been previously observed) induce us 
to incline more to the former hypothesis than to 
the latter. Besides, whether Heat be a substance, 
or a quality, it is manifest, that it may be created 
and annſhilated. Now, we have no idea of matter 
being created and annihilated by any natural cause, 
(for under all its variety of forms, matter is matter 
still;) then what kind of a substance must heat be, 
to be produced and destroyed by so many causes 
Why, 
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Why, truly, nobody can tell: for it must an a 
property which matter has not. Heat must then 


be a quality : for qualities we know can easily be 
created and annihilated. And if Heat be a quality i it 


must have matter to exist in, 80 30 chat if we apply any 


of che causes producing Heat, no Heat is produced 
unless there be some matter to receive it. This 
therefore is the result of our GR into * 
nature of Heat. 

We have also seen, that Z:ight may be produced 
by particular means, the solar rays for instance; it 
may likewise be destroyed, as has been previously - 
Shewn. The method of reasoning just applied to 
Heat, may with equal propriety be used here: and 
this will induce us to conclude that Zight, instead 
of being a fluid per ſe, as has been sometimes con- 
jectured, is a guality, and can no more exist inde- 
pendently of matter than Heat can. 

Whether these conclusions may be safely rid 
on, is not for us to determine; the great mysterious 
Being who made and governs the universe, has set 
a part only of the chain of causes in our view ; and 
we find that as HE himself is too high for our com- 
prehension, so His more immediate instruments are 
also involved in an obscurity that our feeble eu 
deavours are not able to dissipate. However, as 
Mr. Maclaurin has observed. From what we 
** are able to understand of nature, we may enter 
tain the greater expectations of what will be dis- 
1 « covered 
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« covered to us, if ever we shall be allowed to pe- 
« netrate to the FIRST CAUSE himself, and see the 
Whole scheme of his works as they are really 

« derived from Him, ere our imperfect philoso- 


7 phy shall be e 658 . 
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EXPLANATION OF THE PLATE. 

THE Plate which is given as a Frontispiece, is a projection 
of the northern and southern CIES TIAT HU on 
the plane of the Equator» The center of the first projection is 
the North pole of the Equator, around which are described two 
circles ; the smaller is the Arctic circle, the larger, the Tropic of 
Cancer: a little above the center of the first projection is the 
North pole of the Ecliptic, where all the Cirelvs of latitude drawn 
through every tenth -degree of each Sign of the Zodiac, meet and 
intersect each other. The center of the second prajection is the 
| 2 Equator ; the first of the two circles, which are 

descri about it, is the Antarctic circle, the other is the Tropic 
of Capricorn: a little below the center of the second projection is 
the South pole of the 'Ecliptic, where all the Circles of Latitude 
meet and intersect, as in the northern Hemisphere. From the 
Poles of the Ecliptic as centers, the Cireler of © Longitade are drawn 
at every roth degree: that circle which is described at 900 from 
each pole of the Ecliptic, is the £c/jpric itself; of this, half appears 
in the one projection, and half in the other ; it intersects the Equa- 
tor in the first points of Aries (] and Libra (). The dia- 
meter of each projection which crosses it from top to bottom id 
called the Solctitial Colare, because it passes through the Soletitial 
points, Cancer (gg) and Capricorn (1p) : the diameter that crosses 
each projection from right to left denotes the Equinectial Colure, 
so called because it passes through the Equinoctial point, Mien 
and Libra. These four poitits of the Eclipticywhich are crosscd 
by the Colures, are called Cardinal points, and when the sun 
enters one or other of these points, one of the four Scatont of the 
year commences. 

The Stars are given in this plate as they appear on the surface 
of the Celestial Globe, with this difference, that the figures of - 
the Constellations are omitted, as they would only tend to create 
confusion when the Hemispheres are projected on so mall a 
scale. The Stars, as was observed in the fifteenth Lesson, are 
usually divided into six classes, according to their appaygns'mag- 
nitudes : this distinction of size it has been a 
as nearly as could be consistently with the size of the prGzection. - - 
It is hoped that in many instances the stars of different magnitudes | 
may be reckoned without much difficulty: Thus, in ria Miner, 
or the Less Bear, it is easy to reckon 2 stars of the second, 1 of | 
the third, 3 of the fourth, 1 of the fifth, and 3 of the ſixth) mag- 
nitude. Again, in Canicula or the Little dog, you may discover 
10 start, whereof 1 called Procyon is of the first magnitude. 
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"At page 163. We ds e res be 
bew, it ought to have been observed, that at all those places 
© times when tho altitude of the aun Ie more than 42%, no prima 
| Rainbow can appear; and when his altitude ©xcoods 544 % 
#econdary Bow or Watergall can appear. To learn the reason "7 
| this, the young reader may consult Dr. Enfeld's Philozopbical' Jaw 
_ atityrer,, Dr. Hutton's Dish, or Mr. Renu rng 4 
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